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information, for transmission in a communication sys- 
tem. In an illustrative embodiment, interference charac- 
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used to transmit audio information bits, where n is great- 
er than or equal to two. The audio information bits are 
separated into n classes based on error sensitivity, for 
example, the impact of errors in particular audio data 
bits on perceived quality of an audio signal reconstruct- 
ed from the transmission. The classes of bits are then 
assigned to the n channels such that the classes of bits 
having the greatest error sensitivity are transmitted over 
the channels which are the least susceptible to interfer- 



ence. The interference characteristics associated with 
the n channels can be determined by, for example, 
measuring interference levels for one or more of the 
channels, or obtaining information regarding known in- 
terference levels for one or more of the channels. The 
channels may correspond to different frequency bands, 
time slots, code division slots or any other type of chan- 
nels. The invention can provide UEP for different class- 
es of audio information bits even in cases in which the 
same convolutional code, or the same complementary 
punctured pair convolutional (CPPC) code pair, is used 
to encode the classes. The assignment of the classes 
of bits to the channels, as well as the characteristics of 
the classes and the channels, may be fixed or dynamic. 
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Description 

Field of the Invention 

5 [0001] The present invention relates generally to digital audio broadcasting (DAB) and other techniques for trans- 
mitting information, and more particularly to techniques for providing unequal error protection (UEP) for different classes 
of audio, video, image or other information bits encoded in a source coding device. 

Background of the Invention 

10 

[0002] Most source coded bit streams extiibit unequal sensitivity to bit errors. For example, certain source bits can 
be much more sensitive to transmission errors than others. Moreover, errors in certain bits, such as control bits, may 
lead to severe error propagation and a corresponding degradation in reconstructed signal quality. Such error propa- 
gation can occur, for example, in the output audio bits of an audio coder due to the use of control bits for codebook 

<5 information, frame size information, synchronization information and so on. The perceptual audio coder {PkC) de- 
scribed in D. Sinha, J.D. Johnston, S. Dorw^ardand S.R. Quackenbush,"The Perceptual Audio Coder," in Digital Audio, 
Section 42, pp. 42-1 to 42-18, CRC Press, 1998, w^hich is incorporated by reference herein, attempts to minimize the 
bit rate requirements for the storage and/ortransmission of digital audio data bythe application of sophisticated hearing 
models and signal processing techniques. In the absence of channel errors, a PAC is able to achieve near stereo 

20 compact disk (CD) audio quality at a rate of approximately 128 kbps. At a lower bit rate of 96 kbps, the resulting quality 
is still fairly close to that of CD audio for many important types of audio material. 

[0003] The rate of 96 kbps is particularly attractive for FM band transmission applications such as in-band digital 
audio broadcasting (DAB) systems, which are also known as hybrid in-band on-channel (HIBOC), all-digital IBOC and 
in-band adjacent channel (IBAC)/in-band reserve channel (IBRC) DAB systems. There is also a similar effort underway 

25 to provide digital audio broadcasting at lower audio bit rates in the AM band. For these AM systems, audio bit rates of 
about 32 to 48 kbps are being considered for daytime transmission and about 16 kbps for nighttime transmission. 
Higher audio bit rates, greaterthan about 128 kbps, are being used in multiple channel DAB systems. The transmission 
channels in the above-noted DAB systems tend to be severely bandlimited and noise limited at the edge of a coverage 
area. For mobile receivers, fading is also a severe problem. It is therefore particularly important in these and other 

30 applications to design an error protection technique that is closely matched to the error sensitivity of the various bits 
in the compressed audio bit stream. 

[0004] PACs and other audio coding devices incorporating similar compression techniques are inherently packet- 
oriented, i.e., audio information for a fixed interval (frame) of time is represented by a variable bit length packet. Each 
packet includes certain control information followed by a quantized spectral/subband description of the audio frame. 

35 For stereo signals, the packet may contain the spectral description of two or more audio channels separately or differ- 
entially, as a center channel and side channels (e.g., a left channel and a right channel). Different portions of a given 
packet can therefore exhibit varying sensitivity to transmission errors. For example, corrupted control information leads 
to loss of synchronization and possible propagation of errors. On the other hand, the spectral components contain 
certain interframe and/or interchannel redundancy which can bo exploited in an error mitigation algorithm incorporated 

40 in a PAC codec. Even in the absence of such redundancy, the transmission errors in different audio components have 
varying perceptual implications. For example, loss of stereo separation is far less annoying to a listener than spectral 
distortion in the mid-frequency range in the center channel. 

[0005] Unequal error protection (UEP) techniques are designed to match error protection capability with sensitivity 
to transmission errors, such that the most important bits are provided with the highest level of error protection, while 

45 less important bits are provided with a lesser level or levels of error protection. A conventional two-level UEP technique 
for use in DAB applications is descnbed in N.S. Jayant and E.Y. Chen, "Audio Compression: Technology and Applica- 
tions," AT&T Technical Journal, pp. 23-34, Vol. 74, No. 2, March-April 1995. In this technique, which is based on a 
Reed-Solomon (RS) code, the control information is protected more robustly since it is not possible to use error miti- 
gation on the non-redundant control information. In fact, the proper operation of the error mitigation algorithm used in 

50 a PAC codec is itself dependent upon reliable control information. All of the non-control spectral information in this 
technique is protected using a uniform level of error protection. 

[0006] EP-A-0936772 discloses techniques for providing UEP of a PAC bitstream by classifying the bits in different 
categories of error sensitivity. These classes were then matched to a suitable level of error protection to minimize the 
overall impact of errors, i.e., the most sensitive bits are more protected than the others. Certain of the UEP techniques 
55 described in the above-cited application generally provide improvements without regard to the type of channel, and 
the channel noise is typically assumed to be averaged over time and frequency by interleaving in both time and fre- 
quency for each channel code class. Thus, a UEP technique with a more powerful channel code properly matched to 
the most sensitive source bits always outperforms the corresponding equal error protection (EEP) technique. However, 
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determining the channel codes for such UEP scenarios is often a nontrivial problem, particularly in the case of deter- 
mining single sideband complementary punctured-pair convolutional codes (CPPC) codes for HIBOC applications. 
Therefore, although the techniques in the above-cited application provide considerable improvement over prior ap- 
proaches to UEP for digital audio, further improvements are needed for certain implementations, such as the above- 
5 noted HIBOC systems and other similar systems. 

Summary of the Invention 

[0007] The present invention provides methods and apparatus for implementing UEP for a source coded bit stream 
M such as that generated by a perceptual audio coder (PAC). In an illustrative embodiment, interference characteristics 
are determined for a set of n channels to be used to transmit audio information bits, where n is greater than or equal 
to two. The audio information bits are separated into n classes based on error sensitivity, for example, the impact of 
errors in particular audio data bits on perceived quality of an audio signal reconstructed from the transmission. The 
classes of bits are then assigned to the n channels such that the classes of bits having the greatest error sensitivity 
15 are transmitted over the channels which are the least susceptible to interference. The interference characteristics 
associated with the n channels can be determined by, for example, measuring interference levels at different times 
and locations for one or more of the channels, or obtaining information regarding known interference levels for one or 
more of the channels. The channels may correspond to different frequency bands, time slots, code division slots or 
any other type of channels. The channel properties may also change with factors such as time and location within a 
20 coverage area. 

[0008] In accordance with another aspect of the invention, the assignment of the classes of bits to the channels, as 
well as the characteristics of the classes and the channels, may be fixed or dynamic. For example, in applications in 
which the interference characteristics associated with one or more of the channels vary as a function of time, position 
within a coverage area, or other factors, the assignment of the classes of bits to the channels can be varied so as to 
25 ensure that the classes of bits having the greatest error sensitivity continue to be transmitted over the channels which 
are least susceptible to interference. As another example, amounts of channel resources used for particular classes 
of audio information bits can vary as a function of time. 

[0009] The invention can provide UEP for different classes of information bits even in cases in which the same 
convolutional code, or the same CPPC code pair, is used to encode the classes, although different channel codes 
30 could also be used to encode the classes. The invention can be applied to other types of digital information, including, 
for example, video and image information. Moreover, the invention is applicable not only to perceptual coders but also 
to other types of source encoders using other compression techniques operating over a wide range of bit rates, and 
can be used with transmission channels other than radio broadcasting channels. 

35 Brief Description of the Drawings 

[001 0] FIG. 1 illustrates a two-class frequency division unequal error protection (UEP) technique is accordance with 
the invention as applied to an exemplary hybrid in-band on-channel (HIBOC) digital audio broadcasting (DAB) system. 
[0011] FIGS. 2 through 4 illustrate a number of possible alternative implementations of the two-class UEP technique 
40 of FIG. 1. 

[001 2] FIG. 5 is a block diagram of a communication system in which an n-class frequency division UEP technique 
is implemented in accordance with an illustrative embodiment of the invention. 

Detailed Description of the Invention 

45 

[001 3] The invention will be described below in conjunction with exemplary unequal error protection (UEP) techniques 
for use in the transmission of audio information bits, e.g., audio bits generated by an audio coder such as the perceptual 
audio coder (PAC) described in D. Sinha, J.D. Johnston, S. Dorward and S.R. Quackenbush, "The Perceptual Audio 
Coder," in Digital Audio, Section 42, pp. 42-1 to 42-18, CRC Press, 1998. It should be understood, however, that the 

50 UEP techniques of the invention may be applied to many other types of information, e.g., video or image information, 
and other types of coding devices. In addition, the invention may be utilized with a wide variety of different types of 
communication applications, including communications over the Internet and other computer networks, and over cel- 
lular multimedia, satellite, wireless cable, wireless local loop, high-speed wireless access and other types of commu- 
nication systems. Although illustrated at least in part using frequency bands as channels, the invention may also be 

55 applied to many othertypes of channels, such as, for example, time slots, code division multiple access (CDMA) slots, 
and virtual connections in asynchronous transfer mode (ATM) or other packet-based transmission systems. The term 
"channel" as used herein should be understood to include any identifiable portion or portions of a communication 
medium which is used to transmit one or more signals and has an interference characteristic associated therewith. 
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and is thus intended to include, for example, a sub-channel, segment or other portion of a larger channel. 
[0014] FIG. 1 illustrates channel classification UEP in accordance with an illustrative embodiment of the invention. 
In this embodiment, which is particularly well-suited for use in HIBOC DAB applications, the channels correspond 
generally to frequency bands, and the UEP technique is therefore referred to as frequency division UEP. Unlike certain 

5 of the approaches described in the above-cited EP-A-0936772, which can generally be characterized as time division 
UEP in which enhanced error protection may be provided for a certain class or classes of audio bits transmitted using 
a number of different channels, frequency division UEP in accordance with the invention provides enhanced error 
protection for a given class of bits by assigning that class of bits to a particular channel for transmission. 
[001 5] In the embodiment of FIG. 1 , a portion of a frequency spectrum in an exemplary HIBOC DAB system is shown, 

10 including an analog host FM signal 100 with associated lower sidebands 102L, 104L and corresponding upper side- 
bands 102U, 104U. The sidebands represent portions of the frequency spectrum used to transmit digital audio infor- 
mation, and the sets of sidebands 102L, 102U and 104L, 104U correspond generally to frequency channels 102, 104, 
respectively, used to transmit the digital audio information. In accordance with the invention, a determination is made 
as to the interference characteristics associated with each of the frequency channels 102 and 104. This determination 

<5 may be based, for example, on actual measurements of average signal-to-interference ratios within the channels, on 
known or estimated interference levels, or on any other information which provides an indication of relative or absolute 
interference levels for the channels. For example, it has been estimated based on previous experience with HIBOC 
systems that the portion of the spectrum of FIG. 1 at the highest and lowest frequencies is typically more susceptible 
to interference than the portion closest to the analog host FM signal 100. It will therefore be assumed that one of the 

20 channels, i.e., channel 102 in this example, has been determined to be less susceptible to interference than channel 
104. 

[0016] The illustrative embodiment of the invention, after determining the relative or absolute interference levels 
associated with n channels, where n >2, to be used for transmission of digital audio information, separates the audio 
information into n classes of bits based on error sensitivity, and then assigns the n classes of bits to the n channels 

25 such that the bits most sensitive to errors are transmitted in the channels which are least susceptible to interference. 
In the FIG. 1 example, the audio information bits are separated into two classes, designated class I and class II, with 
class I including the bits most sensitive to errors. The determination of error sensitivity may be based on perceptual 
audio coding considerations such as those described in the above-cited EP-A-0936772. For example, class I may 
include the audio control bits as well as certain audio data bits corresponding to frequency bands which are perceptually 

30 important in reconstructing the encoded audio signal. These and other error sensitivity classification techniques are 
described in greater detail in EP-A-0936772 and will not be further described herein. 

[0017] In the FIG. 1 example, the most sensitive audio information bits, i.e., class I, are transmitted in channel 102, 
i.e., the channel determined to be less susceptible to interference. This provides an increased robustness for the class 
I bits against the higher interference levels in channel 104. The two-class frequency division UEP approach illustrated 

35 in FIG. 1 will provide improvements over a conventional EEP approach. In one possible implementation of the FIG. 1 
approach, the same channel code may be used for both the class I and II bits, but with a separate interleaving in time 
and frequency. It should be noted that the above-described frequency division UEP approach generally provides no 
improvement for channels which have a uniform interference level as a function of frequency. However, by taking into 
account the different interference characteristics of the channels, it can provide UEP for different classes of bits using 

40 the same code. 

[001 8] FIG. 2 illustrates another possible implementation of a two-class frequency division UEP approach in accord- 
ance with the invention. This example uses complementary punctured-pair convolutional (CPPC) codes, such as those 
described in greater detail in EP-A-0930738. 

[001 9] In this example, the bits in classes I and II are each separately coded using a rate-2/5 code which is formed 
45 as a combination of a pair of rate4/5 CPPC codes. These rate4/5 codes are referred to as half-bandwidth codes, and 
combine to form a rate-2/5 error correction code referred to as a full-bandwidth code. As is described in EP-A-0930738, 
a rate-1/3 mother code can be punctured to meet these exemplary HIBOC code requirements. The rate-1/3 mother 
code may be a rate-1/3 convolutional code having a constraint length K = 7 as described in J. Hagenauer, "Rate- 
compatible punctured convolutional codes (RCPC codes) and their applications," IEEE Transactions on Communica- 
50 tions, Vol. 36, No. 7, pp. 389-400, April 1988. 

[0020] The code rate is the ratio of input bits to output bits for the convolutional encoder, i.e., a rate-1/3 encoder 
generates three output bits for each input bit. A group of three coded output bits is referred to as a symbol. The value 
of K refers to the number of uncoded input bits which are processed to generate each output symbols. For example, 
a rate-1/3 convolutional encoder with K = 7 generally includes a seven-bit shift register and three modulo-two adders. 
55 The inputs ofthe each ofthe adders are connected to a different subset of the bits ofthe shift register. These connections 
are specified by the "generators" ofthe encoder. Because a given output symbol in this example is generated using 
the latest input bit as well as the previous six input bits stored in the shift register, the K = 7 encoder is said to have a 
"memory" of six. The rate-1/3, K = 7 code used in this example has the following three generators: 
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9o=1011011 



g. = 1111001 



= 1100101 

10 Each of the generators may be viewed as specifying the connections between bits of the seven-bit shift register and 
inputs of one of the modulo-2 adders. For example, the adder corresponding to generator go generates the first bit of 
each output symbol as the modulo-2 sum of the bits in the first, third, fourth, sixth and seventh bit positions in the shift- 
register, with the first bit position containing the latest input bit. Similarly, the generators and gj generate the second 
and third bits, respectively, of each output symbol as modulo-2 sums of the bits in the positions designated by the 

15 respective generator values. The free Hamming distance df of the rate-1/3, K=7 code with the above-noted generators 
is 14, and its information error weight Cjj/P is one. When this code is punctured in a rate-compatible manner to rates 
of 4/11, 4/10, 4/9 and 1/2, the resulting rate-1/2 code is also the best ra1e-1/2, K=7 convolutional code. Additional 
details regarding specific CPPC codes suitable for use In embodiments of the Invention, as well as bit placement 
strategies for arranging the bits within the upper and lower sideband portions of the channels, can be found in EP-A- 

20 0930738. 

[0021] FIGS. 3 and 4 illustrate other embodiments of the invention in which a dynamic boundary between class I 
and class II bits is used. In each of these embodiments, the boundary between class I and class II is as indicated by 
the dashed line 110. The portion of the frequency spectrum shown in FIGS. 3 and 4 includes the analog host FM signal 
100, along with a lower sideband 106 and an upper sideband 108. As in the examples of FIGS. 1 and 2, the upper and 

25 lower sidebands are used to transmit digital audio information. In the FIG. 3 embodiment, the channels do not corre- 
spond directly to specific portions of the upper and lower sidebands. Instead, a first channel is defined by a portion of 
both the upper and lower sideband to one side of the dashed line 110, while a second channel is defined by the portion 
of the upper and lower sideband to the other side of the dashed line 110. Each of the upper and lower sidebands 106 
and 108 uses, e.g, the same rate-2/5 code, as indicated. The use of a dynamic boundary allows a channel occupying 

30 a greater portion of the available frequency spectrum to be used to transmit class I bits. FIG. 4 shows another possible 
implementation using a dynamic boundary 110. A control channel or other suitable mechanism may be used to inform 
the receiver In a particular geographical area which configuration, e.g., the configuration of FIG. 3, the configuration 
of FIG. 4, or another type of configuration, is being used at the transmitter. The configuration may vary as a function 
of factors such as time or position within a coverage area. 

35 [0022] It should be noted that in the embodiments of FIGS. 1 through 4, the same code, e.g., the same CPPC code 
pair, may be used for both classes I and II, or different codes may be used for each of the classes. In addition, as 
previously noted, the techniques can be readily extended In a straightfonward manner ton channels and classes, where 
n>2. Other possible variations include, for example, separate or joint interleaving, soft combining or equal gain com- 
bining, fixed or variable bit assignments, and use of other types of codes such as block codes. 

40 [0023] FIG. 5 is a blockdiagramof an exemplary communication system 200 which implements the above-described 
frequency division UEP in accordance with the invention. The system 200 includes a transmitter 202 and a receiver 
204 which communicate over an n-channel transmission medium 206. The transmitter 202 includes an audio encoder 
210, e.g., a PAC encoder, for generating a sequence of audio packets from an analog audio input signal. Although this 
embodiment uses audio packets, such as those generated by a FV^C encoder, the invention is more generally applicable 

45 to digital audio information In any form and generated by any type of audio compression technique. The audio packets 
from encoder 210 are applied to a classifier 212 which converts the packets into separate bit streams corresponding 
to n different classes of audio information bits. The classifier 212 is also responsible in this embodiment for assigning 
each of the classes of bits to one of the available channels such that the classes of bits most sensitive to errors are 
transmitted in the channels which are least susceptible to interference, as previously described. The separate bit 

50 streams from the classifier 212 are applied to a set of channel coders 214. The symbol outputs of the channel coders 
214 are supplied to a set of interleavers 215 which provide interleaving of the symbols within each channel over multiple 
audio packets. The interleaved symbols are then supplied to a set of orthogonal frequency division multiplexed {OFDM) 
modulators 216 for modulation in accordance with conventional OFDM techniques. The OFDM modulators may pro- 
vide, for example, single-carrier modulation in each of the channels. Of course, other types of modulation may be used 

55 in alternative embodiments. 

[0024] The transmitter 202 may include additional processing elements, such as a multiplexer, an upconverter and 
the like, which are not shown in FIG. 5 for simplicity of illustration. In addition, the arrangement of elements may be 
varied in alternative embodiments. For example, other types of modulators may be used in place of the OFDM mod- 
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ulators216, such as modulators suitable for generating signals fortransmission over a telephone line or other network 
connection, and separate interleaving and coding need not be applied to each of the channels. 
[0025] The receiver 204 receives the transmitted OFDM signals from the transmission channels 206, and processes 
them in OFDM demodulators 219 to recover the interleaved symbols for each of the channels. The symbols are dein- 
5 terleaved in a set of deinterleavers 220, and then applied to a set of channel decoders 222. The bit streams at the 
output of each of the decoders in the set of decoders 222 correspond to the different classes of audio information bits. 
These bit streams are then processed in a declassifier 224 which reconstructs audio packets from the bit streams. The 
resulting sequence of audio packets are then decoded in an audio decoder 226 to reconstruct the original analog audio 
signal. 

M [0026] Like the transmitter 202, the receiver 204 may include additional processing elements which are not shown 
in FIG. 5. It should also be noted that various elements of the system 200, such as the interleavers 215 and the 
deinterleavers 220, may be eliminated in alternative embodiments. Moreover, various elements of the system 200, 
such as the audio encoder 210 and decoder 226, the channel coders 214 and decoders 222, and the classifier 212 
and declassifier 224, may be implemented using an application-specific integrated circuit, microprocessor or any other 

« type of digital data processor, as well as portions or combinations of such devices. Various aspects of the invention 
may also be implemented in the form of one or more software programs executed by a central processing unit (CPU) 
or the like in the- digital data processor. 

[0027] Simulation results for an exemplary frequency division UEP (FD-UEP) system such as that described in con- 
junction with FIGS. 1-5 are shown in TABLE 1 below. In the simulations, a channel was assumed to include two disjoint 

20 segments, designated segment I and segment II. Such segments are also referred to herein as sub-channels, and it 
should be noted that each segment is itself considered to fall within the general definition of "channel" given above. In 
other words, each segment may be considered a channel. With a suitable interleaver depth, the channel quality may 
be assumed to be constant over a particular segment. The two segments can thus be parameterized by an interference 
characteristic such as, for example, the corresponding signal-to-noise level measured in terms of E/A/q. Gaussian 

25 channel conditions are assumed in ihe simjlalions. 

[0028] In an EEP transmission system operating over segments land II, it is reasonable to assume half of the channel 
coded bits encounter a channel condition which exists in segment I and another half encounter conditions existing in 
segment II. Forthe FD-UEP system, it is assumed that audio information bits are separated into a class I which includes 
control bits and a first portion of the audio data bits, and a class II which includes a second portion of the audio data 

30 bits. These classes I and II may correspond, for example, to classes 1* and 2*, respectively, as described in EP-A- 
0936772. In accordance with the present invention, the class I and II bits may be interleaved and transmitted inde- 
pendently over segments I and II, respectively. Therefore, class I bits are exposed to the channel condition in segment 
I and class II bits face the channel condition in segment II. In each of the simulations, a convolutional channel code 
with a rale of 2/5 was used, as described above, and the same outer cyclic redundancy codes (CRCs) were also used. 

35 

TABLE 1 



Simulation No. 


Channel Condition (E/A/o) in dB 


EEP Quality 


FD-UEP Quality 


Segment 1 


Segment II 


1. 


-0.5 


-0.5 


Slight distortion 


Slight distortion 


2. 


-0.5 


-2.5 


Partial Breakdown 
(~ 50% Muting) 


Some distortions 
Audio BW reduction 

Some noise bursts 


3. 


-0.5 


-3.0 


Total Breakdown 
(> 75% Muting) 


Some distortions 
Audio BW reduction 



[0029] Subjective audio quality forthe above-described EEP and FD-UEP systems were evaluated for different chan- 
nel conditions, and the qualitative results are summarized in TABLE 1. As expected, if the channel conditions on the 
two segments are roughly equivalent, as in simulation 1 in TABLE 1 , both EEP and FD-UEP systems perform similarfy. 
On the other hand, it is clear from simulations 2 and 3 in TABLE 1 that when the conditions in the two segments are 
substantially different, the FD-UEP system exhibits a much more graceful degradation. More specifically, if a given 
channel condition exists in segment I and segment II is approximately 2.0 dB worse, the EEP system is unacceptable 
with muting nearly half the time. The FD-UEP system, in contrast, survives with only reduced audio bandwidth and 
some increase in distortions. When the channel condition in segment II is about 2.5 dB worse than that in segment I, 
the EEP system mutes more than 75% of the time, while the FD-UEP system survives albeit with lower audio bandwidth 
and increased distortions. In other words, as the interference level in segment II increases, the audio quality in the FD- 
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UEP system "bottoms out" at a lower yet often acceptable quality level. By way of comparison, the EEP system mutes 
almost completely under these same conditions. 

[0030] The distortions noticed in the FD-UEP system in simulations 2 and 3 of TABLE 1 are primarily due to audio 
bandwidth reduction and aliasing attributable to the classifier described in EP-A-0936772. If the difference in the chan- 

5 nel conditions between segment I and II is relatively moderate, there is one other potential distortion as noticed in 
simulation 2, i.e., an occasional burst of high frequency noise. This happens when channel conditions in segment I 
are much beyond the point of failure for class II bits, i.e., >20% PAC packet loss for these bits, yet not severe enough, 
i.e., <50-60% PAC packet loss, to lead to a complete muting for class II in the PAC error mitigation algorithm. This may 
lead to a situation in which the performance of the FD-UEP system may actually improve slightly when the channel 

« condition in segment II becomes progressively worse beyond a certain threshold. It should be noted that in spite of the 
above-described distortions, the simulations clearly indicate that an FD-UEP system in accordance with the invention 
is preferable to an EEP system at least in terms of providing a more graceful performance degradation. 
[0031] The above-described embodiments of the invention are intended to be illustrative only. For example, the 
invention can be applied to the transmission of digital information other than audio, such as video, images and other 

15 types of information. In addition, alternative embodiments of the invention may utilize different types of channels. Dif- 
ferent types of coding, e.g., convolutional coding with different memories or other characteristics, or other types of 
codes such as block codes, may also be used. Furthermore, the invention may make use of different types of modu- 
lation, including, e.g., single-carrier modulation in every channel, or multi-carrier modulation, e.g., OFDM, in every 
channel. A given carrier can be modulated using any desired type of modulation technique, including, e.g., a technique 

20 such as m-QAM, m-PSK or trellis coded modulation. 

[0032] It should be noted that any of the error sensitivity classification techniques described in the above-cited EP- 
A-0936772, including multipacket error protection profiles, may be used to classify the information bits in terms of error 
sensitivity. The UEP techniques described in EP-A-0936772 may be used to provide further levels of UEP within a 
given class, e.g., within a class assigned to a channel having a substantially uniform interference level. In addition, the 

25 techniques of the invention may be used to provide any number of different classes of UEP for information, and may 
be used with a wide variety of different bit rales and transmission channels. For example, as previously noted, alter- 
native embodiments can extend the illustrative two-class techniques described above to any desired number n of 
classes in a straightfonA^rd manner. 

[0033] Further embodiments of the invention could use other techniques for providing adaptive numbers and types 
30 of different classes and channels. In addition, the number and/or characteristics of the channels and classes, as well 
as the assignment of classes to channels, may be fixed or dynamic. For example, if the interference characteristics 
associated with the channels vary as a function of time or position within a coverage area, the assignment of the classes 
of bits to the channels can be varied as a function of time so as to ensure that the classes of bits having the greatest 
error sensitivity continue to be transmitted over the channels which are least susceptible to interference as the inter- 
ns ference characteristics vary. As another example, the bandwidth or other characteristic of a particular channel or chan- 
nels may be made to vary as a function of time. These and numerous other alternative embodiments and implemen- 
tations within the scope of the following claims will be apparent to those skilled in the art. 



40 Claims 

1 . A method of processing information bits for transmission in a communication system, the method comprising the 
steps of: 

45 separating the information bits into n classes of bits based on error sensitivity, where n is greater than or equal 

to two; and 

assigning the classes of bits to n channels, each having an interference characteristic associated therewith, 
such that the class of bits having the greatest error sensitivity is transmitted over the channel which is the least 
susceptible to interference. 

50 

2. The method of claim 1 further including the step of determining the interference characteristics associated with 
the n channels to be used in transmitting the information bits. 

3. An apparatus for use in processing information bits for transmission in a communication system, the apparatus 
55 comprising: 

a transmitter operative to separate the information bits into n classes of bits based on error sensitivity, where 
n is greater than or equal to two, and to assign the classes of bits to n channels having corresponding interference 
characteristics, such that the class of bits having the greatest error sensitivity is transmitted overthe channel which 
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is the least susceptible to interference. 

4. The method of claim 1 orapparatusofclaim3wherein the interference characteristics are determined by measuring 
interference levels for at least a subset of the channels. 

5. The method of claim 1 or apparatus of claim 3 wherein the interference characteristics are determined by obtaining 
information regarding known interference levels for at least a subset of the channels. 

6. The method of claim 1 or apparatus of claim 3 wherein each of the channels corresponds to one of a different 
frequency band, a different time slot, and a different code division slot. 

7. The method of claim 1 or apparatus of claim 3 wherein the interference characteristics associated with at least a 
subset of the channels vary as a function of time, and the assignment of the classes of bits to the channels is 
varied so as to ensure that the classes of bits having the greatest error sensitivity continue to be transmitted over 
the channels which are least susceptible to interference as the interference characteristics vary 

8. The method of claim 1 or apparatus of claim 3 wherein the interference characteristics associated with at least a 
subset of the channels vary as a function of position within a coverage area, and wherein the assignment of the 
classes of bits to the channels is varied so as to ensure that the classes of bits having the greatest error sensitivity 
continue to be transmitted over the channels which are least susceptible to interference as the interference char- 
acteristics vary. 

9. The method of claim 1 or apparatus of claim 3 wherein an amount of channel resources used for a particular class 

of information bits varies as a function of time. 

10. The method of claim 1 or apparatus of claim 3 wherein at least one of the channels has a substantially uniform 
interference level, and unequal error protection is provided for the class of information bits within the at least one 
channel. 

11. A method of processing information bits for transmission in a communication system, the method comprising the 
steps of: 

separating the information bits into n classes of bits based on error sensitivity, where n is greater than or equal 
to two; and 

selecting a given one of n channels for transmitting a corresponding one of the n classes of bits, based on 
relative interference characteristics of the n channels. 

12. An apparatus for use in processing information bits for transmission in a communication system, the apparatus 
comprising: 

a transmitter operative to separate the information bits into n classes of bits based on error sensitivity, where 
n is greater than or equal to two, and to select a given one of n channels for transmitting a corresponding one of 
the n classes of bits, based on relative interference characteristics of the n channels. 
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(57) The invention provides methods and apparatus 
for processing information, e.g., audio, video or image 
information, for transmission in a communication sys- 
tem. In an illustrative embodiment, interference charac- 
teristics are determined for a set of n channels to be 
used to transmit audio information bits, whore n is great- 
er than or equal to two. The audio information bits are 
separated into n classes based on error sensitivity, for 
example, the impact of errors in particular audio data 
bits on perceived quality of an audio signal reconstruct- 
ed from the transmission. The classes of bits are then 
assigned to the n channels such that the classes of bits 
having the greatest error sensitivity aretransmitted over 
the channels which are the least susceptible to interfer- 



ence. The interference characteristics associated with 
the n channels can be determined by, for example, 
measuring interference levels for one or more of the 
channels, or obtaining information regarding known in- 
terference levels for one or more of the channels. The 
channels may correspond to different frequency bands, 
time slots, code division slots or any other type of chan- 
nels. The invention can provide UEP for different class- 
es of audio information bits even in cases in which the 
same convolutional code, or the same complementary 
punctured pair convolutional (CPPC) code pair, is used 
to encode the classes. The assignment of the classes 
of bits to the channels, as well as the characteristics of 
the classes and the channels, may be fixed or dynamic. 
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C57)Abstract: 

PROBLEM TO BE SOLVED: To provide a wireless data 
communication system that can conduct wireless data 
communication at a speed as fast as possible with less 
communication error and without greatly lowering its data 
transmission efficiency. 

SOLUTION: Prior to actual data communication, a test data 
block whose transmission speed is stepwise changed is 
transmitted and by evaluating an error rate of received data, a 
data transmission speed as fast as possible with less 
communication error is decided and actual data communication 
is conducted at a decided data transmission speed. A bit error 
rate count section 5 counts a bit error rate and a bit error rate 
discrimination section 6 discriminates whether or not this but 
error rate is equal to or below a predetermined permissible 
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(54) DATA SIGNAL DISCRIMINATION CIRCUIT AND METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a data signal 
discrimination circuit and a metliod that can reduce occurrence 
1 fiof an error in discrimination of presence of a data signal 
^independently of the communication quality. 
SOLUTION: Tine data signal discrimination circuit tliat receives a 
I signal witfi a data structure wliere a pilot signal and a data signal 

3 temporally multiplexed and whose transmission is 
intermittently stopped as transmission control, is provided with 
a power ratio calculation section 1 7 that calculates the ratio of 
the power of the pilot signal to that of the data signal, a 
reception quality calculation section 18 that calculates the 
reception quality on the basis of the pilot signal, and a 
discrimination processing section 21 that generates a threshold 
on the basis of the reception quality calculated by the reception 
quality calculation section 1 8 and compares the threshold with the power ratio calculated by the power 
ratio calculation section 1 7 to discriminate the presence of the data signal. 
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PROBLEM TO BE SOLVED: To correct even a frequency deviation being an Integer multiple of a carrier frequency 
Interval by refraction the result of applying a specific product sum arithmetic operation to a frequency area complex 
data array. 



SOLUTION: An OFDM digital broadcast signal Is given to an antenna 1, a mixer 3 uses an oscillation signal from a 
voltage controlled oscillator 10 to convert the signal frequency Into an Intermediate frequency and the signal is 
demodulated Into an In-phase and an orthogonal phase signal component by a quadrature demodulator 5, they are 
given to a FFT processing unit 7, In which they are processed into complex data In a frequency region and the result 
Is outputted to a digital output terminal 9 via an error correction device 8. A phase correction device 13 applies 
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appears at a prescribed element position of the phase reference specified value array. 
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" (57)Abstract: 

PURPOSE: To secure the transmission quality of a down link and 
simplify the constitution of a portable electronic device. 
CONSTITUTION: The transmission rate change request signal 
detection part 005 of a base station 000 extracts a signal 
requesting a change in the signal transmission rate (signal 
transmission rate of down link) at the time of the transmission of 
a signal from the base station 000 to the portable electronic 
device 001 , and performs operation for changing the signal 
transmission rate of the down link. A modulation part 007 
changes the signal transmission speed and outputs a modulated 
signal to the portable electronic device 001. A propagation path 
estimation part 013 estimates a propagation path between the 
base station 000 and portable electronic device 001 and outputs 
the estimation result to a control part 01 4. The control part 01 4 
Judges whether or not the signal transmission rate of the down link is changed from the output of the 
propagation path estimation part 013 and generates and outputs a change request signal to a 
modulation part 015 when the transmission rate is changed. 
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Alerting Abstract US A 

The system for the synchronisation of encryption and decryption in a duplex cellular radio system 
switches an encrypted call from one cell to another. At the instant of handoff, a rapid first 
resynchronisation device temporarily seizes the voice channel in one direction only and transmits 
synchronisation information in such one direction. The first resynchronisation device ceases to 
transmit the synchronisation information and releases such one direction of the voice channel as soon 
as an indicator of successful resynchronisation is detected in the other direction. Transmission of 
speech traffic in such one direction is then resumed after such detection of successful 
resynchronis s ation . 

An upper limit is set on the length of time which the first rapid synchronisation device may cease 
such one direction. After such timeout, resynchronisation information may be provided by a second 
resynchronisation device at a slower rate through a slow rate control channel bit stream which is 
multiplexed with the traffic data. 

ADVANTAGE - Avoid occupying one direction with continuous transmission of synchronisation 
information in event successfiil resynchronisation has occurred but has not been detected due to 

faulty transmission in othe direction. @(16pp Dwg.No.4/4)@ 
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synchronization information on said high data rate control channel from said second base station to 
said mobile station and beginning the transmission of cryptographically encoded data on a high data 
rate message channel in response to either the receipt by said second base station of correctly 
decodable cryptographically encoded data from said mobile station or the expiration of said selected 
period of time. 
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Original Abstract: A system for the synchronization of encryption (203, 206) and decryption 
(204, 205) in a duplex cellular radio system in which an encrypted call (203, 206) may be 
switched from one cell to another. At the instant of handoff, a rapid first resynchronization 
means temporarily seizes the voice channel in one direction only and transmits synchronization 
information in such one direction. The first resynchronization means ceases to transmit the 
synclironization information and releases such one direction of the voice channel as soon as an 
indicator of successful resynchronization is detected in the other direction. Transmission of 
speech traffic in such one direction is then resumed after such detection of successful 
resynchronization.To avoid occupying such one direction with continuous transmission of the 
synchronization information in the event successful resynchronization has occured but has not 
been detected due to faulty transmission in the other direction, an upper limit is set on the 
length of time which the first rapid synchronization means may cease such one direction. After 
such timeout, resynchronization information may be provided by a second resynchronization 
means at a slower rate through a slow rate control channel bit stream which is multiplexed 
(209 & 211) with the traffic data. 
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(54) TDMA VARIABLE SLOT ALLOCATION METHOD 

(57)Abstract: 

PROBLEIW TO BE SOLVED: To quickly cope with fluctuation traffic from a mobile equipment by 
securing a fixed slot, securing a variable slot when a free slot is present in the variable slot, reporting a 
secured result to the mobile equipment and processing the data of both fixed and variable slots from 
the corresponding mobile equipment 

SOLUTION: The mobile equipment requests calling to a base station by using an Incoming control 
channel, adds quality information requested by the mobile equipment to a calling request message and 
transmits it. The base station receives it, and when a calculated minimum required slot number (Ns) can 
be allocated from a free portion within one frame, allocates it to the mobile equipment as a fixed 
allocation slot. Also, from the maximum transmission speed of the quality information inside the calling 
message, a maximum slot number (Nr) used in one frame by the mobile equipment is calculated. In the 
case that the maximum slot number can be allocated by the free slots of the variable slots, (Nr-Ns) 
pieces of the slots are allocated to the mobile equipment as allocation changeable slots. 
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(54) COMMUNICATION EQUIPMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently remove interference 
without deteriorating the transmission quality of a signal from a 
slave station by branching and delaying a base band signal to be 
used at the time of transmission, and generating the replica of 
the transmission signal of a master station without any error. 
SOLUTION: A master station 1 is provided with a replica 
generating circuit 6 for generating the transmission signal replica 
of its own station. Then, a synthesizing circuit 9 anti-phase 
synthesizes the replica of the transmission signal of its own 
station with a signal received by a receiving circuit 8, eliminates 
the transmission signal of Its own station, and extracts the 
transmission signals of slave stations 2-1 to 2-n. This master 
station 1 is provided with a delay circuit 5 as a means for 
delaying a base band signal outputted to the modulation input of 
its own station, and the replica generating circuit 6 generates the replica of the transmission of the 
master station 1 from the output signal of the delay circuit 5. Moreover, this master station 1 includes 
a synchronizing circuit 1 1 as a means for reading the signal delayed by the delay circuit 5 
synchronously with the output of the receiving circuit 8. 
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(54) DEVICE AND METHOD FOR RADIO COMMUNICATION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To perfonn radio communication at a 
transmission rate meeting desired communication quality in accordance 
with propagation path loss by considering the entire line capacity of a 

service area. 

SOLUTION: A transmission power deciding part 105 decides a 
transmission power value in the communication with a self-station so as 
not to be interference with the communication with another station on 
the basis of a transmission power value in the communication with the 
other station, an STR measuring part 1 03 measures SIR (desired wave- 
to-interference potential power ratio) about a known reference signal in 
a received signal, and a transmission rate deciding part 109 decides a 
transmission rate value meeting desired communication quality 
according to the decided transmission power value and the measured 
SIR value. 
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(54) ORTHOGONAL FREQUENCY DIVISION MULTIPLEX SIGNAL 
TRANSMISSION METHOD, TRANSMITTER AND RECEIVER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an 
orthogonal frequency division multiplex signal 
transmission method by which much more 
information signals are sent accordingly even 
when a reception state is change and to provide a 
transmitter and a receiver. 
^ SOLUTION: An input circuit 31 selects any of a 
plurality of error correction coding circuits and a 
plurality of trellis coding circuits for input data to 
apply double error correction, conducts 
modulation mapping, synthesizes frames of ID 
and reference signals denoting a selected rate and 
provides outputs of R and I signals. An output 
circuit 35 uses the ID signal decoded from the 
frame based on the received demodulated R and I 
signals, conducts demodulation due-mapping, 
Viterbi decoding and error correction to provide 
an output of decoded data and also discriminates 
the reception status based on the S/N of the 
decoded reference signal and generates a control signal that designates a rate of the 
transmitter side by which much more data amounts are set depending on the reception 
status and transmits the control signal. 




Publication number : 10-209956 
RADIO PACKET COMMUNICATION METHOD 

NOTICES* 

JPG and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim (s)] 

[Claim 1]Be1ween a base transceiver station and two or more radio packet terminals 
of this base transceiver station subordinate, Perform wireless packet communication 
using common packet channels, and said packet channels are slot-ized, A 
going-down slot which takes a frame structure which summarizes two or more 
continuous slots and is made into one frame, and transmits a packet to said radio 



packet terminal from said base transceiver station furtlier, Within said frame, by time 
sharing, a going-up slot which transmits a packet to said base transceiver station 
applies 1 wave replying method by which multiplex is carried out, and it from said 
radio packet terminal said radio packet terminal. Perform random access by said 
going-up slot, and a packet in a radio packet communication method which transmits 
said base transceiver station. Report empty slot information which directs said 
going-up slot usable to packet communication with a slot getting down for every slot or 
every constant period, and said radio packet terminal. Before performing random 
access, said empty slot information reported is received. Just before transmitting by a 
going-up slotwhich chose at random a going-up slot used for this random access, and 
this chose it after that from going-up slots directed for this empty slot information, said 
empty slot information is received again, A radio packet communication method 
characterized by performing transmission of this packet after checking that the 
going-up slot concerned is in a usable state succeedingly. 

[Claim 2]Be1ween a base transceiver station and two or more radio packet terminals 
of this base transceiver station subordinate, Perform wireless packet communication 
using common packet channels, and said packet channels are slot-ized, A 
going-down slot which takes a frame structure which summarizes two or more 
continuous slots and is made into one frame, and transmits a packet to said radio 



packet terminal from said base transceiver station furtlier, Within said frame, by time 
sharing, a going-up slot which transmits a packet to said base transceiver station 
applies 1 wave replying method by which multiplex is carried out, and it from said 
radio packet terminal said radio packet terminal. Perform random access by said 
going-up slot, and a packet in a radio packet communication method which transmits 
said base transceiver station, In said going-down slot, report said empty slot 
information for every constant period, and said radio packet terminal. Before 
performing random access, said empty slot information reported is received. Transmit 
this packet by a going-up slot which chose at random a going-up slot used for this 
random access, and this chose it after that from going-up slots directed for this empty 
slot information, and. When a packet call or a circuit-switched call accompanied by 
slot allocation newly generates said base transceiver station, A radio packet 
communication method characterized by suspending assignment of a slot over packet 
call concerned or a circuit-switched call until it reports said empty slot information for 
which change accompanying slot allocation to packet call concerned or a 
circuit-switched call was made. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the access method at the time of a 
TDMA-TDD (Time-Division-Multiplexing and 1 wave replying method) radio 
communications system performing packet communication. 
[0002] 

[Description of the Prior Art] 

**1. Conventional technology 1 (general random access) 

In the case where wireless packet communication is performed between a base 
transceiver station and two or more radio packet terminals, by the usual random 
access by this radio packet terminal, when a transmitting packet occurs, access of a 
up to [ a channel ] is started instancy. The example of an ICMA (Idle signal Casting 
Multiple Access) method of operation is shown in drawing 13 . It gets down, and in a 
channel (12-1), when the operating condition of an uphill channel (12-2) is shown by 
the Busy/Idle signal (12-3), and is in use and Busy is vacant. Idle is reported by this 
method. A radio packet terminal performs random access by the next going-up 
channel, when it gets down immediately, a channel receives a control signal 
(Busy/Idle signal) and the Idle signal is reported, if an uphill packet occurs. 



[0003]**2. Conventional technology 2 (TDD ALOHA reserving system) 
As shown in drawing 14, it gets down and the frame of this method serves as two or 
more slots for uphill control (13-2) from the slot for control (13-3), and the slot for data 
transfer (13-4) used for the packet transfer to both directions. In this method, the radio 
packet terminal which tries to transmit, First, the base transceiver station which 
transmitted the reservation signal (13-7) by the slot for uphill control, and received this. 
In consideration of the existence of other going-up packets and a going-down packet, 
the slot for data transfer is assigned, it gets down and the quota information on the 
slot for data transfer (13-8) is notified to each radio packet terminal by the slot for 
control. The radio packet terminal which has transmitted the reservation signal is the 
timing shown using this slot allocation information, and transmits an uphill packet 
(13-9). In this method, it is dynamically controlled about going up / distribution from 
which it gets down. The radio packet terminal synchronizes with the TDD frame. 
Random access (slottedALOHA) is performed by the slot chosen from hvo or more 
slots for uphill control at random. 

[0004] 

[Problem(s) to be Solved by the Invention] By the way, in the conventional radio packet 
communication method mentioned above, when like going up and going down of TDD 



are intermingled in one frame and it tries to perform immediate transmission like the 
conventional technology 1, it gets down and there is a problem that a reservation 
signal concentrates on the going-up slot immediately after a period. As a result, the 
collision rate of this slot becomes large and there is a problem that the throughput as 
the whole will fall. 

[0005]On the other hand, in the conventional technology 2, since the slot which can 
carry out random access goes up and it is assigned fixed within the frame as a slot for 
control, each radio packet terminal can choose the slot to access at random by 
synchronizing with a frame. However, to the packet generated from it being necessary 
to secure the slot for control periodically at random, channel efficiency becomes small. 
It is difficult to share the channel with a circuit-switched call or other cells, and to 
secure the slot for control enough in the system that an empty slot is dynamically 
assigned according to traffic. 

[0006]The purpose of this invention is to provide the allocation method of the packet 

channels which solved the above point. 

[0007] 

[Means for Solving the Problem]ln order to solve a technical problem described for the 
foregoing paragraph, in a slot, get down in this invention, report periodically a number 
of a slot by random access which can be transmitted, and a radio packet terminal. 



When a transmitting packet occurs, after receiving this reporting signal and choosing 
a slot at random out of an accessible going-up slot, it is characterized [ main ] by 
performing random access by this slot (claim 1). As a result, concentration to a 
specific slot of going-up access load resulting from composition of TDD is prevented 
like [ it is at the packet generating time and / at the time of performing ** random 
access ], and it becomes possible to make it distribute uniformly. By the way, a radio 
packet terminal makes a packet delayed when a transmission slot is chosen at 
random like claim 1 in order to transmit by a selected slot. For this reason, a packet 
call or a circuit-switched call accompanied by another slot allocation interrupts in this 
time delay, and there is a possibility that the slot concerned may already have 
become under use at the time of packet transmission. Therefore, each radio packet 
terminal needs to check again that it is usable in this slot, just before transmitting by a 
selected slot. Since this complicates access operation, and it is necessary to get down 
and it needs to check a signal twice, it may become a factor which lowers success 
percentage of access in radio especially with low reliability. Then, when a new packet 
call or a circuit-switched call occurs, a base transceiver station. Until it reports said 
empty slot information for which change of information content accompanying slot 
allocation to packet call concerned or a circuit-switched call was made to each radio 
packet terminal, Assignment of a slot over packet call concerned or a circuit-switched 



call was suspended (claim 2), and access of a radio packet terminal to a once 
reported empty slot is guaranteed. Thereby, since a check of empty slot information 
can also be managed at once, access operation is simplified and it is effective in 
lowering a rate of access non completion by a transmission error. 
[0008] 

[Embodiment of the Invention] 

**1. Describe a 1st embodiment of this invention with reference to a 1st less than 
embodiment and a drawing. The example [ in / for the system configuration example 
in this embodiment / to drrf-'_2L" / this embodiment ] of a channel configuration is 
shown in drawing 2 . As shown in , the system of this embodiment consists 

of two or more radio packet terminals (1-2) which exist in the wireless zone (1-4) 
which a base transceiver station (1-1) and this base transceiver station form, and a 
line switching terminal (1-3). 

[0009]As shown in drawing 2, the radio channel of this embodiment has four-channel 
TDMA-TDD composition symmetrical with the upper and lower sides, and it bundles 
one or more slots (2-3) which are not used for the circuit-switched call, and they are 
used for it as packet channels. In 'li iiYvu :; = 2, a slot (2-4) is a slot currently used for the 
circuit-switched call 1. On packet channels, by getting down, although continuous 
transmission of the channel (2-1) is carried out from a base transceiver station, only 



when a packet generates an uphill channel (2-2), a signal is transmitted, and packet 
multiplexing of the signal of two or more radio packet terminals is carried out. 
[0010]According to this embodiment, when a circuit-switched call occurs, there is no 
empty slot and packet channels are set up, one of the slots of packet channels is 
released, and it assigns a circuit-switched call. By drawing 2, although the slots 0, 1, 
and 3 were used as packet channels at first, signs that the slot 1 is assigned after that 
as a communication slot (2-7) of the circuit-switched call 2 which has interrupted, and 
the remaining slots 0 and 3 serve as packet channels as a result are shown. Thus, in 
this embodiment, a slot is assigned with the priority to a circuit-switched call, and 
suppose that the slot which is not used for the line switching is used as packet 
channels. 

[001 1]Next, the example of transmission of the going-up packet in this embodiment is 
shown in drawing 3. Here, the slot 1 is used as a slot for the circuit-switched calls 1 
(3-4), and the remaining slots are set up as an object for packets (3-3). Empty slot 
information (3-8) is given to each going-down slot, and the number of an usable slot is 
reported to the random access of the present packet (here, the slots 0, 2, and 3 are 
empty slots). 

[0012]The radio packet terminal which send data produced chooses at random the 
slot which a local station uses from the arbitrary empty slot information which gets 



down, receives a slot and is reported there. In drawing 3, during the frame F= 1, the 
radio packet terminal which the going-up packet 1 generated receives the slot 0 of a 
next frame (frame F= 2), and goes up as a slot to access, the slot 2 is chosen, and 
random access is performed. Similarly, in the frame F= 4, the frame F= 4 got down, 
and the radio packet terminal which the going-up packet 2 generated received the slot 
3, and has chosen the slot 2 as an access slot. Here, since control delay sufficient in 
the going-up slot 2 (namely, going-up slot 2 of the frame F= 4) immediately after 
access slot selection is not securable, it supposes that transmission is impossible, 
and it is supposed that it transmits by the slot 2 of a next frame (frame F= 5). 
[0013]On the other hand, apart from this, if the circuit-switched call 2 occurs during 
the frame F= 4, a base transceiver station will be assigned to the circuit-switched call 
2 by using the up-and-down slot 2 after the frame F= 5 as the slot for the 
circuit-switched calls 2 (3-7). thereby ~ the empty slot information on each 
going-down slot reports (0, 3) for (0,2,3) as an empty slot to the slot 1 of the frame F= 
5 after the slot 2 of the frame. Therefore, during the frame F= 5, get down and the 
empty slot information on the slot 2 is referred to just before transmission, The radio 
packet terminal which checked that the slot 2 was deleted from empty slot information 
interrupts transmission by the slot 2 of the frame F= 5, and tries access again after 
random delay. 



[0014]Thus, in order for the radio packet terminal which the going-up packet 2 
generated to interrupt the send action in the slot 2 of the frame F= 5, it is necessary to 
check again the empty slot information on the going-down slot corresponding to just 
before transmission, therefore, a radio packet terminal - ** ~ the slot of which ** 
selection was done in order to obtain an accessible slot number ~ on the way - it is 
necessary to receive empty slot information twice [ a total of ] for being unable to 
come out, and being unable to use it or checking just before transmission 
[0015]Next, the example of the base transceiver station by this embodiment and a 
radio packet terminal of operation is explained. The operation flow of the radio packet 
terminal in this embodiment is shown in dr£w;/irTg 4. The empty slot information which 
the radio packet terminal which the transmitting packet generated gets down first, and 
is reported by the slot is received (Step 6-2). When there is an accessible empty slot 
here, (Step 6-3) and the going-up slot which a local station uses for access from the 
inside are chosen at random (Step 6-4). Then, empty slot information is again 
checked to the selected slot just before waiting (Step 6-5) and transmission (Step 6-6), 
the case where the succeedingly selected transmission slot is idle status ~ 
transmission of a packet ~ carrying out (Step 6-8) ~ when already occupied by other 
communications, it returns to Step 6-3 again, and selection of a slot is redone. 
[0016]Next, the operation flow of the base transceiver station in this embodiment is 



shown in drawing 5 . When it gets down from a base transceiver station, the slot has 
always reported empty slot information (Step 7-2) and a circuit-switched call occurs 
(Step 7-3), It judges whether the slot currently assigned to packets exists (Step 7-6), 
and it becomes call loss, when all are assigned to the line switching and an 
assignable slot does not exist (Step 7-7). On the other hand, when the slot for packets 
which can be assigned to a line switching exists, one of them is diverted to line 
switchings, after choosing the slot diverted to some other purpose (Step 7-8), the slot 
for packets concerned is released (Step 7-9), the slot is assigned to a circuit-switched 
call (Step 7-1 1), simultaneously empty slot information is changed into it (Step 7-10). 
Contrary to this, when a circuit-switched call is completed (Step 7-4), the slot which 
was being used for the starting communication is diverted to packet communication 
(Step 7-5), and empty slot information is changed (Step 7-10). 

[001 7]**2. Describe a 2nd embodiment, next a 2nd embodiment of this invention. The 
system configuration example and the example of a channel configuration in this 
embodiment are the same as a 1st embodiment (refer to drawing 1 and drawing 2). 
The example of transmission of the going-up packet in this embodiment is shown in 
drawing 6. Here, the slot 1 is used as a slot for the circuit-switched calls 1 (4-4) like 
drawing 3. Empty slot information (4-8) is reported by only the slot 0 of each frame, 
and each radio packet terminal has always received this slot. 



[0018]After the frame F= 2 gets down and the radio packet terminal which was gone 
up during the frame F= 1 and the packet 1 generated acquires empty slot information 
from the slot 0, it is performing random access with the frame F= 2 by choosing the 
going-up slot 2. After the next frame F= 5 gets down and the radio packet terminal 
which similarly was gone up during the frame F= 4 and the packet 2 generated 
acquires empty slot information from the slot 0, it is performing random access by the 
going-up slot 2 of the frame F= 5. 

[0019]By the way, simultaneously with generating of the going-up packet 2, the 
circuit-switched call 2 has occurred in the frame F= 4. In such a case, although slot 
allocation was preferentially performed to this circuit-switched call 2 at a 1st 
embodiment with the frame (frame F= 5) immediately after circuit-switched call 2 
generating, assignment with the frame (frame F= 5) immediately after generating is 
suspended in this embodiment. This is because it becomes after the slot F= 6 that the 
empty slot information in consideration of this slot allocation can be reported. 
Therefore, with the frame F= 6, it got down and the going-up slot 0 is deleted from 
empty slot information in the empty slot information on the slot 0 at the same time it 
uses the slot 0 as the slot for the circuit-switched calls 2 (4-7). Thereby, in this 
embodiment, if it is in the same frame, access to the slot directed for empty slot 
information will be guaranteed, and a radio packet terminal gets down before 



transmission, and sliould just receive a slot once. 

[0020]Tlie operation flow of tine radio packet terminal in this embodiment is shown in 
drawing 7. The differences with a 1st embodiment (drawing 4) are that the judgment 
(Step 8-2) for choosing the slot 0 it is reported that empty slot information is was 
added, and that reconfirmation (step 6-6, 6-of drawing 4 7 ) of the empty slot in front of 
transmission is deleted. 

[0021]The operation flow of the base transceiver station in this embodiment is shown 
in drawing 8. The main differences with a 1st embodiment (drawing 5) Empty slot 
information information (Step 9-3), Release (Step 9-5) of the slot for packets for 
assigning a circuit-switched call and the assignment (Step 9-6) to a circuit-switched 
call are the points performed considering the slot 0 as an opportunity (Step 9-2). 
Thereby, the slot allocation to the circuit-switched call received to timing other than 
slot 0 is suspended until the empty slot information for which change of information 
content accompanying the slot allocation to the call concerned was made is reported. 
[0022]As mentioned above, although the embodiment of this invention has been 
explained in full detail with reference to drawings, concrete composition is not 
restricted to this embodiment, and even if there are change etc. of a design of the 
range which does not deviate from the gist of this invention, it is included in this 
invention. 



[0023] 

[Example]Next, the concrete example of an embodiment mentioned above is 
described. In this example, the system configuration which excluded the line switching 
terminal (1-3) from draw ing 1 is used. Although the circuit-switched call was assumed 
in the embodiment mentioned above as communication which interrupts, the case 
where the packet signal itself interrupts is considered by this example. A packet shall 
be transmitted in this example, using two or more slots continuously. Random access 
is performed only by a top slot and a base transceiver station decides to assign the 
slot used for transmission based on the information on the packet of the head 
received by random access to following data. 

[0024]The example of transmission of the going-up packet in this example is shown in 
drawing 9. Here, the slot 3 is used as a slot for the circuit-switched calls 1 (5-4). The 
going-up packet 1 generated with the frame F= 1 transmits top data by the going-up 
slot 2 of the frame F= 2 with reference to the empty slot information on the slot 0 of the 
frame F= 2 (5-5). 

[0025]On the other hand, a base transceiver station performs the notice of quota by 
the slot 2 of the frame F= 3. In this notice of quota, the slot number (0, 1, 2) used for 
packet transmission is shown, and a radio packet terminal transmits a packet, using 
this slot continuously. However, since empty slot information (0, 1, 2) is already 



reported in the slot 0 of the same frame (frame F= 3), the succession data of the 
packet 1 is assigned to the slot after the frame F= 4 here. 

[0026]Since empty slot information (0, 1 , 2) was reported in the slot 0 of the frame F= 
3 at this time as mentioned above, in this frame F= 3, the new packet 2 should occur, 
those initial data should go up, and it should be transmitted by the slot 0. In this case, 
a base transceiver station assigns this succession data from the slot (slot 1 of the 
frame F= 5) immediately after the end of transmission of the packet 1 for the 
succession data transfer of the packet 2. Simultaneously, empty slot information is 
updated according to the quota situation of a slot after the frame F= 4. (-) shows here 
that an usable slot does not exist. Although this example is a case where a 2nd 
embodiment is taken into consideration, realizing only using a 1st embodiment is also 
possible. 

[0027]The operation flow of the radio packet terminal in this example is shown in 
drawing 10. The difference with a 2nd embodiment ( drawing 7 ) is divided into initial 
data and succession data, and packet transmission a radio packet terminal, It is a 
pointwhich receives the quota signal from a base transceiver station after transmitting 
initial data (Step 10-7) (Step 10-8), uses continuously one or two or more slots which 
are directed there, and transmits succession data (Step 10-11). Here, when initial 
data are not correctly received by collision etc. in a base transceiver station, it redoes 



from empty slot information reception (Step 10-3) again after random delay (Step 
10-9). 

[0028]The operation flow of the base transceiver station in this example is shown in 
drawing 1 1 . Here, the flow about assignment of a line switching is excluded, the 
going-up slot used for transmission of a succession packet when a base transceiver 
station performs empty slot information information by the slotO (Step 11-3) and initial 
data are received by the going-up slot for packets (Step 1 1-4) ~ one or two or more 
percent person ~ it guesses. When it already goes up to another packet and the slot is 
being assigned, it is necessary to make a succession packet transmit immediately 
after completing transmission of this packet here. In order to perform this, it is 
effective to perform scheduling of calculating the timing which specifies the length of 
the succession packet in initial data and to which it is made to transmit for every 
packet in a base transceiver station based on this information for example. In this 
example, a base transceiver station performs this scheduling (Step 11-5), and 
transmits the quota signal which specifies transmit timing (Step 11-6). Then, empty 
slot information is changed based on the result by which scheduling was carried out 
(Step 1 1 -7). Also when all transmission of the packet under transmission is completed 
(Step 11-8), after changing empty slot information (Step 11-7), it returns to Step 11-2. 
[0029]The theoretical calculation result at the time of applying the throughput of the 



packet by this invention to four-channel TDMA-TDD is shown in drawing 12. the case 
where this invention is used as shown in this figure - except for an overloaded state - 
a throughput is mostly improved over the whole region. Since there is no necessity of 
securing the slot for random access periodically and a base transceiver station directs 
the slot for access dynamically according to the operating condition of a slot, channel 
efficiency is high, and realization is easy even when the slot is being shared with a 
circuit-switched call or other cells. 
[0030] 

[Effect of the lnvention]ln this invention, since it can prevent random access 
concentrating on the specific slot depending on the composition of TDD, there is an 
effect which prevents the throughput fall of the whole channel. Even when two or 
more slot accessing method which is this invention is used in this invention. Since 
what is necessary is to receive only a slot specific at the time of access and the check 
of empty slot information can also be managed at once, a radio packet terminal 
simplifies access operation and is effective in lowering the rate of access non 
completion by a transmission error. 

DESCRIPTION OF DRAWINGS 



[Brief Description of tine Drawings] 

[Drawing 1 jit is an explanatory view showing the system configuration example in a 
1st embodiment and a 2nd embodiment. 

[Drawing 2]lt is an explanatory view showing the example of a channel configuration 
in a 1st embodiment and a 2nd embodiment. 

[Drawing 3]lt is an explanatory view showing the example of transmission of the 
packet in a 1st embodiment. 

[Drawing 4] lt is a flow chart which shows the example of the radio packet terminal in a 
1st embodiment of operation. 

[Drawing 5]lt is a flow chart which shows the example of the base transceiver station 

in a 1st embodiment of operation. 

[Drawing 6] lt is an explanatory view showing the example of packet transfer in a 2nd 
embodiment. 

[Drawing 7] It is a flow chart which shows the example of the radio packet terminal in a 
2nd embodiment of operation. 

[Drawing 8] lt is a flow chart which shows the example of the base transceiver station 
in a 2nd embodiment of operation. 

[Drawing 9] lt is an explanatory view showing the example of transmission of the 
packet in an example. 



[Drawing 10]lt is a flow chart which shows the example of the radio packet terminal in 
an example of operation. 

[Drawing 1 1 jit is a flow chart which shows the example of the base transceiver station 
in an example of operation. 

[Drawing 12]lt is a graph which shows the improvement effect of the throughput by 
this invention. 

[Drawing 13] lt is an explanatory view showing the example of an ICMA method of 
operation. 

[Drawing 14j lt is an explanatory view showing the example of a TDD ALOHA 
reserving system of operation. 
[Description of Notations] 

1-1 .... A base transceiver station and 1-2 .... A radio packet terminal, 1-3 .... Line 
switching terminal, 1-4 .... Wireless zone and 2-1 ,3-1 , 4-1 ,5-1 .... Get down and 
Channel, 2-2,3-2, 4-2,5-2 .... Uphill channel and 2-3,3-3, 4-3,5-3 .... The slot for 
packets, 2-4,3-4, 4-4,5-4 .... Slot for circuit-switched calls 1 , and 2-7,3-7, 4-7 .... Slot 
for circuit-switched calls 2, and 3-8,4-8, 5-5 .... Empty slot information 



[Translation done.] 
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(54) Multiplexing method in a multicarrier transmit diversity system 



(57) The invention relates to a method of multiplex- 
ing data words in a multicarrier transmit diversity sys- 
tem. The method comprises the step of generating a plu- 
rality of data blocks, each data blocl<: comprising data 
words and each data word containing data symbols de- 
rived from a data signal, the step of determining for one 



or more data blocks in dependence on at least one 
transmission constraint if the data words of said one or 
more data blocks are to be multiplexed in the time do- 
main or in the frequency domain and the step of multi- 
plexing the data words of the data blocks in accordance 
with the determination result. 
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Description 

BACKGROUND OF THE INVENTION 
5 Technical Field 

[0001] The present Invention relates to the field of transmit antenna diversity and In particular to a method of multi- 
plexing data words in a multi carrier transmit diversity system. The invention also relates to a multiplexer for multiplexing 
a sequence of data symbols and a demultiplexer for demultiplexing a multiplexed sequence of data symbols. 

10 

Discussion of the Prior Art 

[0002] Peak transmission rates in wireless communication systems have steadily increased during the last years. 
However, peak transmission rates are still limited for example due to path loss, limited spectrum availability and fading. 
15 [0003] Transmitter diversity is a highly effective technique for combating fading in wireless communications systems. 
Several different transmit diversity schemes have been proposed. In Li, Y.; Chuang, J.C.; Sollenberger, N.R.: Trans- 
mitter diversity for OFDM systems and its impact on high-rate data wireless networks, IEEE Journal on Selec. Areas, 
Vol. 17, No. 7, July 1999 the transmit diversity schemes of delay, permutation and space-time coding are exemplarily 
described. According to the delay approach, a signal is transmitted from a first transmitter antenna and signals trans- 
it) mitted from further transmitter antennas are delayed versions of the signal from the first transmitter antenna. In the 
permutation scheme, the modulated signal is transmitted from a first transmitter antenna and permutations of the 
modulated signal are transmitted from further transmitter antennas. By means of space-time coding a signal is encoded 
into several data words and each data word is transmitted from a different transmitter antenna. During transmission 
the data words are spread (or multiplexed) in the time domain by successively transmitting the data symbols of a data 
25 word over a single carrier frequency. 

[0004] A further transmit diversity scheme for a multicarrier system is space-frequency coding. By means of space- 
frequency coding a signal is encoded into several data M?ords and each data M?ord is spread (or multiplexed) in the 
frequency domain by transmitting the data symbols of each data word on orthogonal frequencies, i.e. orthogonal sub- 
carriers. An exemplary scheme for space-frequency coding is described in Mudulodu, S.; Paulraj, A.: Atransmitdiversity 
30 scheme for frequency selective fading channels, Proc. Globecom, San Francisco, pp. 1089-1093, Nov. 2000. According 
to the multicarrier system described in this paper, the data words relating to an encoded signal are preferably multi- 
plexed in the time domain although orthogonal frequencies are available and the data words could thus also be mul- 
tiplexed in the frequency domain. This is due to the fact that if multiplexing in the frequency domain is utilized the 
employed firequencies, i.e. subcarriers, must see the same channel, which may not always be possible in a frequency 
35 selective fading channel. However, in case the subcarriers experience the same channel, it is stated that either multi- 
plexing in the time domain or multiplexing in the frequency domain or a combination of the two may be used. By 
combining multiplexing in the time domain and in the frequency domain the data symbols of a data word are simulta- 
neously multiplexed in the time domain and in the frequency domain. This means that the data word is spread both 
across time and across frequencies. 
40 [0005] Departing from the various transmit diversity schemes hitherto known there is a need for a method of multi- 
plexing data words in a multicanrier transmit diversity system which can easily be adapted to the specifications of 
different wireless communications systems. There is also a need for a corresponding multiplexer and a demultiplexer. 

BRIEF DESCRIPTION OF THE INVENTION 

45 

[0006] The existing need is satisfied by a method of multiplexing data words in a multicarrier transmit diversity system 
which comprises the step of generating a plurality of data blocks, each data block comprising data words and each 
data word containing data symbols derived from a data signal, the step of determining for one or more of the data 

blocks in dependence on at least one transmission constraint if the data words of said one of more data blocks are to 
so be multiplexed in a time domain or in a frequency domain and the step of multiplexing the data words of the data blocks 
in accordance with the result of the determination. 

[0007] The multiplexing method of the invention is not restricted to a specific transmit diversity scheme as long as 
the utilized transit diversity scheme enables to generate from a data signal a plurality of data blocks having the above 
structure. For example, the transmit diversity schemes of block coding and of permutation allow to generate such data 
55 blocks. Preferably, the generated data blocks have the structure of a matrix similar to a space-time block code (STBC) 
matrix. Also, it is not required that the transmit diversity scheme guarantees full transmit diversity. In other words: the 
invention does not necessitate that each information symbol comprised within the data signal is transmitted from each 
transmitter antenna. Nonetheless, a preferred embodiment of the invention comprises the feature of full transmit di- 
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versity. 

[0008] Moreover, the Invention is not restricted to any number of transmit and receive antennas. Preferably, the 
number of data words per data block equals the number of transmit antennas such that each data word of a data block 
may be transmitted from an individual transmitter antenna. If more than one receive antenna is provided, the receive 
5 diversity scheme of maximum-ratio combining can be applied. However, other receive diversity schemes may be used 

as well. 

[0009] According to the invention, it Is decided on a data block level how the data words are to be multiplexed. The 
decision on the data block level allows to change the multiplexing domain from one data block to a subsequent data 
block which is advantageous if one has to cope with specific predefined or varying transmission constraints. Also, the 

10 multiplexing method according to the invention can be applied in various wireless communication systems without 
major changes due to the specific multiplexing flexibility gained by selecting the multiplexing domain on the data block 
level. The multiplexing domain can be determined for each data block individually or simultaneously for a plurality of 
data blocks. For example, it can be decided for a sequence of data blocks that all data words comprised within the 
sequence of data blocks are to be multiplexed in either the time domain or in the frequency domain. 

15 [0010] The multiplexing domain is determined by taking Into account one or more transmission constraints. For ex- 
ample, the transmission constraints may comprise one or more physical transmission constraints or one or more data- 
related transmission constraints. It can also comprise both one or more physical transmission constraints and one or 
more data-related transmission constraints. The physical transmission constraints relate to the physical transmission 
conditions and can be derived from physical transmission parameters like a channel coherence bandwidth or a coher- 

20 ence time. The data-related transmission constraints relate to system specific constraints regarding for example the 
employed multiplexing scheme for the data words, the structure of the data signal, the structure of the data blocks, the 
structure of the data words or the structure of the data symbols. 

[0011] The data symbols may be derived from the data signal in various ways dependent on the transmit diversity 
scheme which is used. If, for example, the transmit diversity scheme of permutation is used, the data symbols contained 
25 In the data words are permutations of information symbols comprised within the data signal. As a further example, if 
the transmit diversity scheme of block coding is used, the data symbols contained in the data words are obtained from 
the information symbols comprised within the data signal by means of permutation and basic arithmetic operations, 
such as negation and complex conjugation. 

[0012] The data signal from which the one or more data blocks are generated can have any format. According to a 
30 preferred embodiment, the data signal has the format of a sequence of discrete information symbols. For example, 
the data signal may have the structure of vectors, each vector comprising a predefined number of information symbols. 
The nature of the information symbols may depend on the specific wireless communication system in which the mul- 
tiplexing method according to the invention is used. Many wireless communication systems employ different types of 
information symbols for different purposes. For example, some wireless communication systems use data signals 
35 which comprise a preamble, one or more user data sections or both a preamble and one or more user data sections. 
Usually, the preamble has a predefined structure and is utilized for purposes like channel estimation, frequency syn- 
chronization and timing synchronization. 

[0013] In the following, several exemplary data-related transmission constraints are described in more detail. Ac- 
cording to a first embodiment, the data-related transmission constraint is a predefined number N of data symbols to 
40 be comprised within each data word which is to be multiplexed in the time domain. Usually, the number N of data 
symbols to be comprised within each data word cannot arbitrarily be chosen because it may depend for example on 
a code rate, on the condition that the data blocks have to be orthogonal matrices or on the availability of memory 
resources within the multi carrier transmit diversity system. 

[0014] When the data words of a specific data block are to be multiplexed in the time domain, the number N of data 
45 symbols to be comprised within each data word may represent the number of time slots required for the transmission 
of a single data word over a single subcarrier. On the other hand, when the data words of a specific data block are to 
be multiplexed in the frequency domain, the number N of data symbols to be comprised within each data word stands 
for the number of subcarriers required to transmit a single data word during a single time slot. 
[0015] Preferably, all data words of an individual data block comprise the same number of data symbols. If the data 
so signal has such a structure that the number of data symbols comprised within each data word of a specific data block 
equals the predefined number N of data symbols, the data words of this data block may be multiplexed in the time 
domain. Otherwise, i.e. if the data signal has such a structure that the number of data symbols comprised within each 
data word of a specific data block does not equal the predefined number N of data symbols, the data words of this 
data block may be multiplexed in the frequency domain. Such a distinction will become necessary if the data signal or 
55 a portion thereof has a predefined length because the predefined length may imply that the total number Np of data 
symbols which corresponds to the predefined length of the data signal or a portion thereof is not an Integer multiple of 
the predefined number N of data symbols which should be comprised within a data word to be multiplexed in the time 
domain. In such a situation integer multiples of the predefined number N of data symbols are arranged in data blocks 
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of data words which are multiplexed in a time domain and a remainder Np. = mod(No/N) of data symbols is arranged 
In a data block with data words which are multiplexed in the frequency domain. 

[0016] Thus, by combining multiplexing in the time domain and in the frequency domain, data symbol fitting problems 
resulting from the predefined number N of data symbols to be comprised within each data word which is to be multi- 

5 plexed in the time domain can be solved. Such data symbol fitting problems may for example become relevant when 
the data signal or a portion of the data signal has a predefined length because the wireless transmission system 
necessitates that the preamble portion or the user data portion of a data signal comprises a certain number of infor- 
mation symbols. Thus the data words of all data blocks except for the last data block are multiplexed in the time domain 
and the data words of the last data block are either multiplexed in the time domain or in the frequency domain depending 

10 on whether or not the data words of the last data block contain a number of data symbols which equals the predefined 
number N of data symbols. 

[0017] So far the data-related transmission constraint of a predefined number N of data symbols to be comprised 
within each data word has been illustrated. According to a second embodiment, the data signal may comprise one or 
more periodic structures and the data related transmission constraint may be a preservation of the periodic structures 
such that the periodic structures are still periodic on a receiver side. The one or more periodic structures may be 
comprised within a preamble of the data signal, for example in the form of two or more identical preamble information 
symbols. Periodic structures are advantageous because they allow the use of synchronization algorithms with com- 
paratively low complexity. 

[0018] In case of multiplexing data symbols relating to periodic structures in the time domain the periodicity of the 
20 periodic structures may get lost. Therefore, at least the data words of data blocks which relate to the periodic structures 

or parts of periodic structures are multiplexed in the frequency domain. By multiplexing the data words of these data 

blocks in the frequency domain it can be ensured that the periodicity of the periodic structures is maintained. 

[0019] When the data words of data blocks generated from periodic structures or portions thereof are multiplexed In 

the frequency domain, the data words of data blocks generated from the remaining data signal are preferably multi- 
25 plexed in the time domain. If, for example, the data words of data blocks generated from a preamble comprising periodic 

structures are multiplexed in the frequency domain, the data words of data blocks generated from a corresponding 

user data section may be multiplexed at least partly in the time domain. 

[0020] Instead of data-related transmission constraints or In addition to data-related transmission constraints physical 
transmission constraints can be taken into account when deciding if the data words of one or more specific data blocks 
30 are to be multiplexed in the time domain or in the frequency domain. According to a preferred embodiment, the decision 
is made based on simultaneously evaluating a combination of one or more data-related transmission constraints and 
one or more physical transmission constraints. 

[0021] The physical transmission constraints may be detenmined based on at least one of a channel coherence 
bandwidth 

35 

Be - IZ-^rms (1) 



and a coherence time 



tc»1/(2-fo) 



wherein fp is the doppler frequency and ipma is the root mean square of the delay spread of the channel impulse 
response. 

[0022] Many transmit diversity schemes require constant or at least approximately constant channel parameters 
during transmission of one data word. If the data words are to be multiplexed in the frequency domain, a comparatively 
large coherence band width is required. This means that the relation 

Be » N/T (3) 



has to be fulfilled at least approximately, wherein N is the number of data symbols per data word and T is the duration 
of one of the data symbols, i.e. the duration of one time slot. A comparatively large coherence bandwidth requires that 
the channel parameters of N adjacent subcarriers have to be almost constant. 

[0023] On the other hand, if the data words are to be multiplexed in the time domain, a comparatively large coherence 
time is required. This means that the relation 
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tc » T ■ N (4) 

has to be fulfilled at least approximately. In other words: N subsequent data symbols have to have nearly constant 
s channel parameters, i.e. the channel parameters for a single subcarrier have to remain constant for a period of N ■ T. 
[0024] The physical transmission constraint may be determined by assessing if one or both of the relations (3) and 
(4) are fulfilled. Dependent on which of the two relations (3) and (4) is fulfilled best it is decided that the data words of 
the data blocks are to be multiplexed either in the time domain or in the frequency domain as a general rule. Deviations 
from this general rule may become necessary due to data-related transmission constraints. For example, the data 
^0 symbol fitting problem or the problem encountered with periodic structures may necessitate that although multiplexing 
in the time domain Is generally to be preferred, the data words of at least some data blocks have to be multiplexed in 
the frequency domain. As a further example, changing transmission conditions may necessitate that the data words 
of some data blocks have to be multiplexed in the time domain and the data words of other data blocks have to be 
multiplexed in the frequency domain. As a third example, the data words of data blocks generated from a preamble 
^5 may be multiplexed in the time domain and the data words of data blocks generated from a user data section may be 
multiplexed in the frequency domain. Such a combination has the advantage that the above-mentioned data symbol 
fitting problem, which usually is most relevant for the user data section, can be avoided while the multiplexing in the 
time domain of the data words of data blocks generated from the preamble allows a good channel estimation. 
[0025] It was mentioned above that in order to achieve full diversity each information symbol has to be transmitted 
from each transmitter antenna. A further requirement of full transmit diversity is that the antenna signals are orthogonal 
to each other. This means that the data symbols have to be modulated onto subcarriers which are orthogonal to each 
other. However, the invention can also be practized in case the subcarriers are not orthogonal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0026] Further advantages of the invention will become apparent by reference to the following description of a pre- 
ferred embodiment of the invention in the light of the accompanying drawings, in which : 



Fig. 


1 


shows a data signal in the form of a physical burst to be processed in accordance with the Invention; 


Fig. 


2 


Is a block diagram of a transceiver for wireless communication adapted to multiplex data words in accordance 
with the invention; 


Fig. 


3 


shows several modulation schemes defined in the HIPERLAN/2 standard; 


Fig. 


4 


shows the block code encoder of the transceiver depicted in Fig. 2; 


Fig. 


5 


shows the configuration of a transmit antenna diversity scheme; 


Fig. 


6 


is a schematic diagram of multiplexing data words in the time domain in accordance with the invention; and 


Fig. 


7 


is a schematic diagram of multiplexing data words in the frequency domain in accordance with the Invention. 



DESCRIPTION OF PREFERRED EMBODIMENTS 

45 

[0027] Although the present invention can be used in any multicarrier transmit diversity system which employs a 
transmit diversity scheme allowing to generate data blocks having a structure as described above, the following de- 
scription of preferred embodiments is exemplarily set forth with respect to a multicarrier system which employs orthog- 
onal frequency division multiplexing (OFDM) and which utilizes block coding for generating data blocks from a data 
^ signal. 

[0028] The exemplary multicarrier system described below is derived from the European wireless local area network 
(WLAN) standard high performance radio local area network type 2 (H IPERLAN/2). HIPERLAN/2 systems are intended 
to be operated in the 5 GHzfrequency band. A system overview of HIPERLAN/2 is given in ETSI TR 101 683, Broadband 
Radio Access Networks (BRAN); HIPERLAN Type 2; System Overview, VI. 1.1 (2000-02) and the physical layer of 
S5 HIPERLAN/2 is described in ETSI TS 1 01 475; Broadband Radio Access networks (BRAN); HIPERLAN Type 2; Phys- 
ical (PHY) Layer, VI .1 . 1 (2000-04). The multicarrier scheme of OFDM, which is specified in the HIPERLAN/2 standard, 
is very robust in frequency selective environments. 
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[0029] Up to now, the HI PERLAN/2 system and many other wireless communications systems do not support transmit 
diversity in spite of the fact that transmit diversity would Improve the transmission perfonmance and reduce negative 
effects of fast fading like Rayleigh fading. However, applying standard transmit diversity schemes to multicarrier com- 
munications systems may lead to various problems which are hereinafter exemplarily described with respect to the 
5 HIPERLAN/2 system. 

[0030] In Fig. 1 a typical physical burst of HIPERLAN/2 is illustrated. The physical burst comprises a preamble con- 
sisting of preamble symbols and a user data section consisting of user data symbols. In HIPERLAN/2 five different 
physical bursts are specified and each kind of physical burst has a unique preamble. However, the last three preamble 
symbols constitute a periodic structure which is identical for all preamble types. This periodic structure consists of a 
10 short OFDM symbol C32 of 32 samples followed by two identical regular OFDM symbols 064 of 64 samples. The short 
OFDM symbol C32 is a cyclic prefix which Is a repetition of the second half of one of the 064 OFDM symbols. The so- 
called C-preamble depicted in Fig. 1 is used in HIPERLAN/2 for channel estimation, frequency synchronization and 
timing synchronization. The periodic structure within the C-preamble Is necessary in order to allow the use of synchro- 
nization algorithms with comparatively low complexity. 

[0031] The user data section of the physical burst depicted in Fig. 1 comprises a variable number Ngyy of OFDM 
symbols required to transmit a specific protocol data unit (PDU) train. Each OFDM symbol of the user data section 
consists of a cyclic prefix and a useful data part. The cyclic prefix consists of a cyclic continuation of the useful data 
part and is Inserted before it. Thus, the cyclic prefix is a copy of the last samples of the useful data part. The length of 
the useful data part is equal to 64 samples and has a duration of 3,2 )is. The cyclic prefix has a length of either 16 

20 (mandatory) or 8 (optional) samples and a duration of 0,8 ]is or 0,4 jis, respectively. Altogether, a OFDM symbols thus 
has a length of either 80 or 72 samples corresponding to a symbol duration of 4,0 ps or 3,6 jj,s, respectively. An OFDM 
symbol therefore has an extension in the time domain. A OFDM symbol further has an extension in the frequency 
domain. According to HIPERI_AN/2, a OFDM symbol extends over 52 subcarriers. 48 subcanriers are reserved for 
complex valued subcarrier modulation symbols and 4 subcarriers are reserved for pilots. 

25 [0032] From the above it becomes clear that the HIPERLAN/2 physical burst depicted in Fig. 1 has a predefined 
length both in a time direction and in a frequency direction. Moreover, the physical burst of Fig. 1 comprises a periodic 
structure. It are among others these features of the physical burst of Fig. 1 which may lead to problems when the 
HIPERLAN/2 system or a similar wireless communication system has to be adapted to transmit diversity. 
[0033] For typical HIPERLAN/2 scenarios the above relation (4) is usually fulfilled because the doppler firequency fp 

30 is comparatively low. However, especially in outdoor environments, relatively large delay spreads can occur. Conse- 
quently, relation (3) cannot always be fulfilled. Therefore, a transmit diversity scheme like STBC multiplexing in the 
time domain should generally be a preferred transmit diversity scheme for a HIPERLAN/2 scenario firom the point of 
view that the channel over one space-time data word should be as constant as possible. However, severe problems 
arise when STBC is applied to physical bursts having the structure depicted in Fig. 1 or a similar structure. 

35 [0034] Both the physical burst and the OFDM symbols comprised therein have predefined dimensions in the time 
domain and in the frequency domain. Concurrently, STBC requires that each STBC data word has a predetermined 
length N. Thus, data unit fitting problems arise if the dimension of e.g. an OFDM symbol of the preamble or of the user 
data section cannot be mapped on an integer multiple of the length of one STBC data word. Moreover, when applying 
STBC to the periodic C-preamble depicted in Fig. 1, the periodicity of the C-preamble gets lost. This is due to the fact 

40 that the one or more STBC data words relating to the second C64 OFDM symbol will no longer be equal to the one or 
more STBC data words relating to the first C64 OFDIVI symbol. The loss of periodicity, however, leads to the problem 
that the symbol synchronization algorithms which make use of a periodic structure within the preamble can no longer 
be employed. Also, the C32 OFDM symbol cannot serve any longer as a guard interval separating the OFDM symbols 
within the preamble. The reason therefore is that in case of multipath propagation the first C64 OFDM symbol interferes 

45 with the second C64 OFDM symbol which is no longer equal to the first C64 OFDM symbol. 

[0035] The above problems and further problems not explicitly discussed above do not occur when the data words 
are multiplexed in accordance with the invention. In Fig. 2, the physical layer of a transceiver 10 which is adapted to 
implement the method according to the invention is illustrated. The transceiver 10 comprises a scrambler 12, an FEC 
coding unit 14, an interleaving unit 16, a mapping unit 18, an OFDM unit 20, a burst forming unit 22, a block code 

so encoder 24, a multiplexer 26, a radio transmitter 30 and a control unit 32. The block code encoder 24 and the multiplexer 
26 together form an encoder/multiplexer unit 28. 

[0036] The transceiver 10 depicted in Fig. 1 receives as Input signal a PDU train from a data link control (DLC). Each 
PDU train consists of information bits which are to be framed into a physical burst, i.e. a sequence of OFDM symbols 
to be encoded, multiplexed and transmitted. 
55 [0037] Upon receipt of a PDU train the transmission bit rate within the transceiver 10 is configured by choosing an 
appropriate physical mode based on a link adaption mechanism. A physical mode is characterized by a specific mod- 
ulation scheme and a specific code rate. In the HlPERLAN/2 standard several different coherent modulation schemes 
like BPSK, QPSK, 16-QAM and optional 64-QAM are specified. Also, for forward error control, convolutional codes 
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with code rates of 1/2, 9/16 and 3/4 are specified which are obtained by puncturing of a convolutional mother code of 
rate 1/2. The possible resulting physical modes are depicted in Fig. 3. The data rate ranging from 6 to 54 Mblt/s can 
be varied by using various signal alphabets for modulating the OFDM subcarriers and by applying different puncturing 
patterns to a mother convolutional code. 

5 [0038] Once an appropriate physical mode has been chosen, the Ngp^y information bits contained within the PDU 
train are scrambled with the length-127 scrambler 12. The scrambled bits are then output to the FEC coding unit 14 
which encodes the N^pdu scrambled PDU bits according to the previously set forward error correction. 
[0039] The encoded bits output by the FEC coding unit 14 are input into the interleaving unit 16 which interleaves 
the encoded bits by using the appropriate interleaving scheme for the selected physical mode. The interleaved bits 

10 are Input Into the mapping unit 18 w/here sub-carrier modulation by mapping the Interleaved bits into modulation con- 
stellation points in accordance with the chosen physical mode is performed. As mentioned above, the OFDM subcarriers 
are modulated by using BPSK, QPSK, 16-QAIV1 or 64-QAM modulation depending on the physical mode selected for 
data transmission. 

[0040] The mapping unit 18 outputs a stream of complex valued subcarrier modulation symbols which are divided 
In the OFDM unit in groups of 48 complex numbers. In the OFDIV! unit a complex base band signal is produced by 
OFDM modulation as described in ETSI TS 101 475, Broadband Radio Access Networks (BRAN); HIPERLAN Type 
2; Physical (PHY) Layer, V1.1.1 (2000-04). 

[0041] The complex base band OFDM symbols generated within the OFDM unit 20. where pilot subcarriers are 
inserted, are input into the physical burst unit 22, where an appropriate preamble is appended to the PDU train and 
20 the physical burst is built. The physical burst produced by the physical burst unit 22 has a format as depicted in Fig. 
1 . The physical burst unit 22 thus outputs a sequence of complex base band OFDM symbols in the form of the physical 
burst to the block code encoder 24. 

[0042] The function of the block code encoder 24 is now generally described with reference to Fig. 4. In general, the 
block code encoder 24 receives an input signal in the form of a sequence of vectors X = [X^Xg. ..y.^V of the length K. 
25 The block code encoder 24 encodes each vector X and outputs for each vector X a data block comprising a plurality 
of signal vectors C(^),C(^l.., CC^' as depicted in Fig. 4. Each signal vector C(^), Cf^)..., corresponds to a single 
data word. Thus, the data block generated from the vector X comprises M data words wherein M is the number of 
transmitter antennas. 

[0043] Each data word CO) with 1 = 1...M comprises N data symbols, i.e. each data word CO) has a length of N. The 
30 value of N cannot be freely chosen since the matrix C spanned by the data words c(i) has to be orthogonal in this 
embodiment. Several examples for data blocks in the form of orthogonal code matrices C are described in US 
6,088,408. In the block coding approach described in the present embodiment all data symbols Cj' of the code matrix 
C are derived from the components of the input vector X and are simple linear functions thereof or of its complex 
conjugate. 

35 [0044] If a receive signal vector Y at one receive antenna is denoted by Y = [Y^Y2...Yfj]''', the relationship between 
Y and the code matrix C is as follows: 



Yi " 
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(5) 



where h(i) represents the channel coefficient of the channel from the i-th transmit antenna to the receive antenna. A 
generalization to more receive antennas is straightforward. 

[0045] I n the following examples of possible block code matrices for two and three transmitter antennas, respectively, 
are discussed in more detail. The configuration of a wireless communication system with two transmit antennas and 
one receive antenna is depicted in Fig. 5. For two transmit antennas one possible block code matrix C with a code rate 

R = 1 is: 
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[0046] 
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For three transmit antennas one possible block code matrix C witli a code rate R = 0,5 is: 
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(7) 



[0047] The code rate R is defined as the ratio of the length K of the input vector X and the length N of each code 
word C(i): 



[0048] As can be seen from Fig. 4, the block code encoder 24 outputs for each data signal in the form of a vector X 
25 a data block in the form of a matrix C. The data block output by the block code encoder 24 Is input into the multiplexer 
26 which multiplexes the data words (vectors C(')) of each data block in accordance with an externally provided control 
signal either in the time domain or in the frequency domain. The control signal is generated by the control unit 32 based 
on an assessment of the transmission constraints. The assessment of the transmission constraints and the controlling 
of the multiplexer 26 by means of the control unit 32 will be described later in more detail. 
30 [0049] In the multlcarrier scheme OFDM, the output of the block code encoder 24 is modulated onto subcanriers 
which are orthogonal to each other. There exist essentially two possibilities to multiplex a data block comprising indi- 
vidual data words in an OFDM system. According to a first possibility depicted in Fig. 6, the data words of a specific 
data block are extended in the time direction (STBC). In other words: The data words are multiplexed in the time 
domain. According to a second possibility, the data words of a data block are extended in the firequency direction as 
35 depicted in Fig. 7. This means that the data words are multiplexed in the frequency domain. Multiplexing the data words 
of a data block in the form of a code matrix in the frequency domain will in the following be referred to as space- 
frequency block coding (SFBC). 

[0050] As can be seen from Figs. 6 and 7, the individual data words of a data block are transmitted from different 
transmit antennas. According to the multiplexing scheme of Fig. 6, an individual data block is transmitted on an individual 

40 subcarrier over a time interval of N ■ T, wherein N Is the number of data symbols per data word and T is the duration 
of one of the data symbols. According to the multiplexing scheme of Fig. 7, an individual data block is spread over N 
subcarriers and is transmitted during a time interval of T. It can clearly be seen that the multiplexing scheme of Fig. 6 
can generally be employed when the relation (4) Is fulfilled and the multiplexing scheme of Fig. 7 can generally be 
employed when the relation (3) is satisfied. 

46 [0051] The encoded and multiplexed output signal of the encoder/multiplexer unit 28 is input into the radio transmitter 
30. The radio transmitter 30 performs radio transmission over a plurality of transmit antennas by modulating a radio 
frequency carrier with the output signal of the encoder/multiplexer unit 28. The transceiver 1 0 of Fig . 2 further comprises 
a receiver stage not depicted in Fig. 2. The receiver stage has a physical layer with components for performing the 
inverse operations of the components depicted in Fig. 2. For example, the receiver stage comprises a descrambler, a 

50 FEC decoding unit, a demultiplexer/decoder unit with a demultiplexer and a block code decoder, etc. 

[0052] Now, the control of the multiplexer 26 will be described in more detail with reference to both physical and 
data-related transmission constraints that may occur if physical bursts as the one depicted in Fig. 1 are employed. In 
accordance with typical l-IIPERLAN/2 scenarios, it is supposed that relation (4) is fulfilled and that it cannot always be 
guaranteed that relation (3) is fulfilled. This corresponds to the realistic situation that the basic performance of STBC 

55 transmission is better than the basic performance of SFBC transmission. Basic performance here means that only 
physical transmission constraints are taken into account. In such a case the control unit 32 may decide that the data 
blocks have to be multiplexed In the time domain. However, if the physical transmission parameters change, there 
might occur the case where relation (4) is no longer fulfilled whereas relation (3) is fulfilled at least approximately. In 
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this case the control unit 32 will decide that the data words of the data blocks are no longer multiplexed in the time 
domain. Instead, the control unit 32 controls the multiplexer 26 such that the data words of the data blocks are multi- 
plexed in the frequency domain. 

[0053] So far only physical transmission constraints have been considered. Should data-related transmission con- 
5 straints also be of importance, the control unit 32 controls the multiplexer 26 by additionally taking into account data- 
related transmission constraints. 

[0054] It has been mentioned above that the transmission constraints which have to be considered in context with 
the physical burst depicted in Fig. 1 are the preservation of a periodic structure in the C-preamble and the provision 
of a predefined number N of data symbols in each data word which is to be multiplexed in the time domain. These two 
10 data-related transmission constraints can occur in several combinations. 

[0055] According to a first scenario, the data signal has the structure of the physical burst depicted in Fig. 1 and 
comprises a user data section and a preamble with a periodic structure. It is further supposed that the data-related 
transmission constraint of preserving the periodic structure has to be taken into account while no data symbol fitting 
problem occurs with respect to the user data section. In such a case the data words of data blocks relating to the 
preamble are multiplexed in accordance with SFBC in the frequency domain and the data words of data blocks relating 
to the user data section are multiplexed in accordance with STBC in the time domain. By multiplexing the data words 
derived from the preamble in the frequency domain a preservation of the order of the C32 OFDM symbols and the two 
C64 OFDM symbols can be achieved. 

[0056] According to a second scenario derived from the physical burst depicted In Fig. 1 , the periodic structure within 
20 the preamble has to be preserved and additionally the data symbol fitting problem has to be taken into account with 
respect to the user data section. Like in the first scenario, the data words of data blocks derived from the preamble 
are multiplexed in accordance with SFBC in the frequency domain. Due to the data symbol fitting problem the data 
words of the last data block relating to the user data structure contains less than the predefined number N of data 
symbols contained in data words of the previous data blocks. Therefore, only the data words (containing the predefined 
25 number N of data symbols) of the previous data blocks are multiplexed in accordance with STBC in the time domain. 
The data words of the last data block contain Nr = mod{ND/N) data symbols and are multiplexed in accordance with 
SFBC in the frequency domain, wherein Np is the total number of data symbols to be transmitted over one transmit 
antenna. 

[0057] According to a third scenario, the data-related transmission constraint of the preservation of a periodic struc- 
30 ture within the preamble is not relevant but the data symbol fitting problem is relevant with respect to the user data 
section. In this case the data words of data blocks relating to the preamble are multiplexed in accordance with STBC 
in the time domain and the data words of data blocks relating to the user data section are multiplexed as described 
above for the second scenario. In other words: The data words of the last data block have a length of Nr data symbols 
and the data words of the previous data blocks have the predefined length of N data symbols. 
35 [0058] According to a fourth scenario, the data-related transmission constraint of preserving a periodic structure has 
not to be taken into account and the physical transmission constraint of Be » N/T is at least approximately fulfilled. In 
this case the data words of data blocks relating to the preamble are multiplexed in accordance with STBC in the time 
domain and the data words of data blocks relating to the user data section are multiplexed in accordance with SFBC 
in the frequency domain. By using STBC for the preamble a good channel estimation can be performed. Due to the 
40 use of STBC for the preamble the slightly worse performance of SFBC can be compensated by means of receiver 
algorithms for interference suppression based on the good channel estimation. Using STBC for the preamble and 
SFBC for the user data section has the advantage that data symbol fitting problems with respect to the user data 
section do not appear. 

[0059] Additional scenarios based on further combinations of data-related and physical transmission constraints can 
45 easily be realized in accordance with the invention. Also, the invention can easily be applied to data signals having a 
structure different from the structure of the physical burst depicted in Fig. 1 . Although the invention is preferably prac- 
ticed with the transmit diversity scheme of a combination of STBC and SFBC, other transmit diversity schemes can 
be used as well. 
6022 

so 

Claims 

1. A method of multiplexing data words in a multicarrier transmit diversity system, comprising: 

55 

a) generating a plurality of data blocks (C), each data block (C) comprising data words (CW) and each data 
word {€(")) containing data symbols {Cj(i)) derived from a data signal; 

b) determining for one or more data blocks (C) in dependence on at least one transmission constraint if the 
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data words (CW) of said one or more data blocks (C) are to be multiplexed in the time domain or in the frequency 
domain; and 

c) multiplexing the data words {C(i)) of the data blocks (C) in accordance with the determination in step b). 

5 2. The method according to claim 1 , 

wherein the data signal comprises at least one of a preamble and a user data section. 

3. The method according to claim 1 or 2, 

wherein the at least one transmission constraint comprises a data-related transmission constraint. 

10 

4. The method according to claim 3, 

wherein the data-related transmission constraint is a predefined number (N) of data symbols (Cj(')) to be comprised 
within each data word (C('>) which is to be multiplexed in the time domain. 

5. The method according to claim 4, 

wherein the data words (C(i)) containing the predefined number (N) of data symbols (Cj(i)) are multiplexed in the 
time domain and the data words (CW) containing more or less data symbols (cjO)) are multiplexed in the frequency 
domain. 

20 6. The method according to claim 4 or 5, 

wherein the data signal or a portion thereof has a predefined length and wherein integer multiples of the predefined 
number of data symbols (Cj(i)) are arranged in data blocks (C) with data words (C(')) which are multiplexed in the 
time domain and a remainder of data symbols (Cj(')) is anranged in data blocks (C) with data words (Ct')) which are 
multiplexed in the frequency domain. 

25 

7. The method according to claim 6, 

wherein the user data section of the data signal has the predefined length. 

8. The method according to claim 7, 

30 wherein the data words (C(i)) of data blocks (C) relating to the preamble are either multiplexed completely in the 

frequency domain or completely in the time domain dependent on the transmission constraint. 

9. The method according to one of claims 1 to 8, 

wherein the data signal comprises one or more periodic structures (C32, C64). 

35 

10. The method according to claim 9, 

wherein the one or more periodic structures (C32, C64) are contained within the preamble. 

11. The method according to claim 9 or 10, 

40 wherein the data-related transmission constraint is a preservation of the one or more periodic structures {C32, C64). 

12. The method according to one of claims 9 to 11, 

wherein at least the data words (C(')) of data blocks (C) relating to the periodic structures {C32, C64) are multiplexed 
in the frequency domain. 

45 

13. The method according to claim 12, 

wherein the data words (C(i)} of data blocks (C) relating to the user data section are multiplexed in the time domain. 

14. The method according to one of claims 1 to 13, 

so wherein the at least one transmission constraint comprises a physical transmission constraint. 

15. The method according to claim 14, 

wherein the physical transmission constraint is determined based on at least one of a coherence bandwidth and 
a coherence time. 

55 

16. The method according to claim 15, 

wherein the physical transmission constraint is determined by assessing if the relationship Bc»N/T is fulfilled, 
wherein B;- is the coherence bandwidth, N is the number of data symbols (CjO)) per data word (Cf')) and T is the 
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duration of one of the data symbols (Cj(')). 

17. The method according to claim 15 or 16, 

wherein the physical transmission constraint is determined by assessing if the relationship 1c»N-T is fulfilled, 
wherein tg is the coherence time, N is the number of data symbols (C|(')) per data word (CW) and T is the duration 

of one of the data symbols (Cj(')). 

18. The method according to claim 16 or 17, 

wherein, when the physical transmission constraint Bj.»Nrr is at least approximately fulfilled, the data words (CW) 
of data blocks (C) relating to the preamble are multiplexed in the time domain and the data words {C(i)) of data 
blocks (C) relating to the user data sequence are multiplexed in the frequency domain. 

19. The method according to one of claims 1 to 18, 

wherein the data blocks (C) are obtained from the data signal by means of block coding or by means of permutation. 

20. The method according to one of claims 1 to 19, 

wherein the data symbols (cp)) are modulated onto subcarriers which are orthogonal to each other. 

21 . A multiplexer (26) adapted to multiplex data words in accordance with the method according to one of claims 1 to 20. 

22. A demultiplexer adapted to demultiplex data words multiplexed by the multiplexer of claim 21. 

23. A transceiver for wireless communication, comprising at least one of a multiplexer according to claim 21 and a 
demultiplexer according to claim 22. 
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(54) Open-loop diversity teclinique tor systems employing four transmitter antennas 



(57) When using four transmit antennas, conven- 
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antenna, and the elements of each row represent the 
samples of a temporal sequence that is emitted by the 
antenna In L symbol periods. When L=A the matrix B 
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(54) Feedback technique for wireless systems with multiple transmit and receive antennas 



(57) In a wireless communication system using mul- 
tiple antennas at the transmitter and multiple antennas 
at the receiver, a so called multiple-input multiple-output 
(MIMO) system, a substantial improvement in capacity 
over the case of no feedback can be achieved using 
considerably less bandwidth than is required to feed- 
back the channel estimate or channel statistics, by sup- 
plying as feedback for each data substream of an overall 
data stream an indicator of a rate and/or an indicator of 
a gain for transmission of that data substream. The in- 



dicator of the rate and/or the indicator of the gain may 
be the rale and/or gain directly or an encoded represen- 
tation of the rate and/orgain. Typically, the best perform- 
ance is achieved if indicators of both the rate and the 
gain are fed back. If the invention is implemented for 
wireless systems, then typically for each data sub- 
stream there is a separate, independent antenna. The 
rate and the gain are computed as a function of a chan- 
nel estimate which is developed at the receiver.. Advan- 
tageously, the transmitter may employ only one-dimen- 
sional data coding for each of the data substreams. 
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Description 
Technical Field 

[0001] TIlis invention relates to tlie art of wireless s 
communications, and more particularly, to wireless 
communication systems using multiple antennas at the 

transmitter and multiple antennas at the receiver, so 
called multiple-Input multiple-output (MIMO) systems. 

10 

Background of the invention 

[0002] It Is known In the art that multiple-Input multi- 
ple-output {MIMO) systems can achieve dramatically 
Improved capacity as compared to single antenna, i.e., fs 
single antenna to single antenna or multiple antenna to 
single antenna, systems. It is also know^n in the art that 
If a channel estimate or channel statistics based on the 
channel estimate are fed back to the transmitter, then 
the throughput of the channel can be improved with re- 20 
spect to an Identically configured system but without 
feedback. However, because In MIMO systems the 
overall channel Is actually made up of multiple channels, 
with one channel for each transmit and receive pairing, 
such feedback requires considerable bandwidth, and it 25 
is undesirable to dedicate so much bandwidth to feed- 
back. 

Summary of tho InvQntion 

30 

[0003] In a MIMO system, a substantial improvement 
over the case of no feedback can be achieved using 
considerably less bandwidth than is required to feed- 
back the channel estimate or channel statistics, in ac- 
cordance with the principles of the Invention, by supply- 35 
Ing as feedback for each data substream of an overall 
data stream an Indicator of a rate and/or an Indicator of 
a gain for transmission of that data substream. The In- 
dicator of the rate and/or the Indicator of the gain may 
be the rate and/or gain directly or an encoded represen- 4o 
tation of the rate and/orgain. Typically, the best perform- 
ance is achieved if indicators of both the rate and the 
gain are fed back. If the invention is implemented for 
wireless systems, then typically for each data sub- 
stream there is a separate, independent antenna. The 45 
rate and the gain are computed as a function of a chan- 
nel estimate which is developed at the receiver. Advan- 
tageously, the transmitter may employ only one-dimen- 
sional data coding tor each of the data substreams. 

50 

Brief Description of the Drawing 

[0004] In the drawing: 

FIG. 1 shows an exemplary multiple-input multiple- 55 
output {MIMO) system arranged in accordance with 
the principles of the invention so as to achieve dra- 
matically improved capacity as compared to single 



2 

antenna systems; and 

FIG. 2 shows an exemplary process for determining 
rates and powers for a system with N transmit sub- 
streams and M receive branches, in accordance 
with an aspect of the invention. 

Detailed Description 

[0005] The following merely Illustrates the principles 
of the invention. It will thus be appreciated that those 
skilled in the art will be able to devise various arrange- 
ments which, although not explicitly described or shown 
herein, embody the principles of the Invention and are 
included within its spirit and scope. Furthermore, all ex- 
amples and conditional language recited herein are 
pnncipally intended expressly to be only tor pedagogical 
purposes to aid the reader in understanding the pnnci- 
ples of the invention and the concepts contributed by 
the inventor(s) to furthenng the art, and are to be con- 
strued as being without limitation to such specifically re- 
cited examples and conditions. Moreover, all state- 
ments herein reciting principles, aspects, and embodi- 
ments of the invention, as well as specific examples 
thereof, are intended to encompass both structural and 
functional equivalents thereof. Additionally, It Is Intended 
that such equivalents Include both currently known 
equivalents as well as equivalents developed In the fu- 
ture, i.e., any elements developed that perform the 
same function, regardless of structure. 
[0006] Thus, for example, it will be appreciated by 
those skilled in the art that the block diagrams herein 
represent conceptual views of illustrative circuitry em- 
bodying the principles of the invention. Similarfy, it will 
be appreciated that any flow charts, flow diagrams, state 
transition diagrams, pseudocode, and the like represent 
various processes which may be substantially repre- 
sented In computer readable medium and so executed 
by a computer or processor, whether or not such com- 
puter or processor Is explicitly shown. 
[0007] The functions of the various elements shown 
in the FiGs., including functional blocks labeled as 
"processors" may be provided through the use of dedi- 
cated hardware as well as hardware capable of execut- 
ing software in association with appropriate software. 
When provided by a processor, the functions may be 
provided by a single dedicated processor, by a single 
shared processor, or by a plurality of Individual proces- 
sors, some of which may be shared. Moreover, explicit 
use of the term "processor" or "controller" should not be 
construed to refer exclusively to hardware capable of 
executing software, and may Implicitly Include, without 
limitation, digital signal processor {DSP) hardware, 
read-only memory (ROM) for storing software, random 
access memory (RAM), and non-volatile storage. Other 
hardware, conventional and/or custom, may also be in- 
cluded. Similarly, any switches shown in the FIGS, are 
conceptual only. Their function may be carried out 
through the operation of program logic, through dedicat- 
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ed logic, through the interaction of program control and 
dedicated logic, or even manually, the particular tech- 
nique being selectable by the implementor as more spe- 
cifically understood from the context. 
[0008] In the claims hereof any element expressed as 
a means for performing a specified function is intended 
to encompass any way of performing that function in- 
cluding, for example, a) a combination of circuit ele- 
ments which performs that function or b) software in any 
form, including, therefore, firmware, microcode or the 
like, combined with appropriate circuitry for executing 
that software to perform the function. The invention as 
defined by such claims resides in the fact that the func- 
tionalities provided by the various recited means are 
combined and brought together in the manner which the 
claims call for. Applicant thus regards any means which 
can provide those functionalities as equivalent as those 
shown herein. 

[0009] FIG. 1 shows an exemplary multiple-input mul- 
tiple-output (MIMO) system arranged in accordance 
with the principles of the invention so as to achieve dra- 
matically improved capacity as compared to single an- 
tenna systems. In particular, FIG. 1 shows transmitter 
101 and receiver 103. Transmitter 101 includes a) de- 
multiplexer (demux) 1 05; b) encoders 1 07, including en- 
coders 107-1 through 107-N; c) interleavers 109, includ- 
ing interteavers 109-1 through 109-N; d) symbol map- 
pers 111, including symbol mappers 111-1 through 
111-N; e) gain multipliers 113, including gain multipliers 
113-1 through 113-N; f) optional upconverters 115, in- 
cluding optional upconverters 115-1 through 115-N; g) 
optional transmit antennas 117, including optional trans- 
mit antennas 117-1 through 117-N; h) rate controller 
119; and i)gain controller 121. Receiver 103 includes a) 
optional receive antennas 131, including optional re- 
ceive antennas 131-1 through 131-M; b) optional down- 
converters 133, including optional downconverters 
133-1 through 133-M; c) channel estimator 135; and d) 
power/rate calculator 137. 

[0010] Demultiplexer 105 receives as an input an 
overall data stream, which is the data to be transmitted, 
and divides it into N data substreams, each to be proc- 
essed along an independent transmit path and then 
transmitted. 

[001 1] Each of encoders 107 applies channel coding 
to the respective data substream it receives so as to in- 
crease the redundancy of the data substream. This fa- 
cilitates error recovery at the receiver should errors oc- 
cur. In accordance with an aspect of the invention, the 
type of channel coding used is a function of the rate, or 
an indicator thereof, that is fed back from the receiver. 
This function may be implemented using a lookup table 
given an indicator of the rate that is fed back, and is typ- 
ically implemented by rate controller 119. Those of or- 
dinary skill in the art will readily appreciate how to ar- 
range such a function given the particular details of the 
system being implemented, e.g., the channel statistics, 
the number of substreams employed, and the like. The 
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type of channel coding employed determines the partic- 
ular amount of redundancy in the encoded data sub- 
stream, and it is noted that the amount of redundancy 
is known as the code rate. Each of encoders 107 may 

s use a channel coding that is independent of the channel 
coding used by any other of encoders 107, and each 
may receive an independently specified rate. 
[0012] Interleavers 109 are conventional in nature 
and each rearranges the bits of the encoded data sub- 

« stream it receives to provide protection against channel 
fades. 

[0013] Each of symbol mappers 111 maps the bits of 
the interleaved encoded channel substream that it re- 
ceives to a point in a constellation. In accordance with 
an aspect of the invention, the particular constellation 
employed is selected as a function of the rate, or an in- 
dicator thereof, that is fed back from the receiver. This 
function may be implemented using a lookup table given 
an indicator of the rate that is fed back, and is typically 

20 implemented by rate controller 119. Those of ordinary 
skill in the art will readily appreciate how to arrange such 
a function given the particular details of the system be- 
ing implemented, e.g., the channel statistics, the 
numberofsubstreams employed, and the like. Typically, 

25 the lower the rate of data transmission the lower the 
number of symbols in the constellation for transmitting 
data at that rate. 

[0014] In accordance with an aspect of the invention, 
each of gain multipliers 113 applies to the mapped data 
30 substream that it receives the gain that was indicated in 
the feedback from the receiver. In an exemplary embod- 
iment of the invention, the better the particular channel 
that corresponds to one of gain multipliers 1 13 the great- 
er the gain that is applied, e.g., in accordance with the 
35 principles of waterfilling. 

[0015] Each of optional upconverters 115 performs 
conventional upconverting functionality. In the case of a 
radio-based system each of upconverters 115 gener- 
ates a radio frequency signal by modulating a carrier 
40 waveform using the gain regulated mapped data sub- 
stream it receives as an input. Each resulting modulated 
signal may be supplied to the respective one of optional 
transmit antennas 117 that may be coupled to each of 
upconverters 115. 
45 [001 6] Rate controller 119 receives the rates, or indi- 
cators thereof, via feedback from receiver 103 and de- 
rives from the received information the code rate and 
the constellation size for each substream. Each code 
rate, or an indicator thereof, is then supplied to the ap- 
se propriate encoder and the constellation to employ, or an 
indicator thereof, is supplied to each symbol mapper, in 
accordance with an aspect of the invention. Thus, rate 
controller 1 1 9 may implement a mapping function to de- 
termine the code rate and constellation from the infor- 
55 mation fed back from receiver 103. 

[0017] Gain controller 121 receives the gains, or indi- 
cators thereof, via feedback from receiver 103 and de- 
rives from the received information the gain to be used 
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for each substream by the associated one of gain mul- 
tipliers 113. Note that there is a direct relationship be- 
tween power and gain. More specifically, power is con- 
verted to gain by taking the square root of the power. 
Thus, power may be an indicatorfor gain, and vice-ver- s 
sa. If power information is received via feedback, it may 
easily be converted into the appropriate gain. 
[001 8] Note that the functionality of rate controller 119 
may be incorporated into encoders 107 and symbol 
mappers 111. Similarly, the functionality of gain control- io 
ler 121 may be incorporated into gain multipliers 113. 
[0019] Each of optional receive antennas 131 re- 
ceives a signal from each of optional transmit antennas 
117. The signals received at each antenna are convert- 
ed to baseband by the one of optional downconverters 
133 to which It Is coupled. The resulting baseband sig- 
nals are fed into channel estimator 135. 
[0020] Channel estimator 135 develops an estimate 
ofthe channels foreachtransmltand receive pair. Thus, 
for N transmit antennas and M receive antennas there 20 
are NxM channels. The estimates for each ofthe chan- 
nels are collectively arranged into an NxM matrix ofthe 
overall channel estimate H. Additionally, channel esti- 
mator 135 develops an estimate of the noise power in 
the channel, a^.^ 25 
[0021] H and are supplied to power/rate calculator 
137 which, in accordance with the principles of the in- 
vention, calculates the rates R and powers P — which, 
as noted above, correspond directly to gains and are 
used by transmitter 101 in the form of gains— or indica- 3o 
torsthereof, that transmitter 101 should use for each da- 
ta substream produced by demultiplexer 105. The rates 
and powers are supplied to transmitter 1 0 1 using a feed- 
back channel. 

[0022] The processes by which rates and powers are 35 
assigned by power/rate calculator 137 is up to the im- 
plementor. Those of ordinary skill in the art will be able 
to develop their own processes given the discussion and 
examples hereinbelow. In particular, the goal of the 
process is to assign rates and powers to maximize the 4o 
total channel capacity. Toward this end, typically, those 
channels that are of a better quality will be assigned 
higher rates and greater power. 
[0023] Note that receiver 103 does not show a decod- 
er and a deinterleaver. This is because, although a de- 45 
coder and a deinterleaver are necessary for a complete 
receiver— to reverse the complementary functions per- 
formed in the transmitter prior to supplying data as an 
output of receiver 1 03 — they are not required for the da- 
ta streams that are supplied to channel estimator 135, so 
and so that are not shown for the sake of clarity of ex- 
position. 

[0024] FIG. 2 shows an exemplary process for deter- 
mining rates and powers for a system with N transmit 
substreams and M receive branches, in accordance ss 
with an aspect of the invention. In one embodiment of 
the invention, the process of FIG. 2 may be constantly 
running. However, the values determined by the proc- 



ess are only fed back when there is a significant devia- 
tion from the values that were previously fed back. In 
another embodiment ofthe invention, the process may 
begin to run only when channel estimator 135 {FIG. 1) 
determines that the channel has changed by an amount 
sufficient to warrant the running of the procjjss. For ex- 
ample, when the norm ofthe difference of H at^the last 
time rates and powers were determined and H at the 
current time is greater than a prescribed threshold. The 
process of FIG. 2 is performed by power/rate calculator 
137 (FIG. 1) 

[0025] The process is entered in step 200 {FIG. 2) 
when it is determined that the rates and powers are to 
be computed. In step 201 several variables are initial- 
ized. In particular, a counter, n, is initialized to the value 
of N and the value of variable Premaining is initialized to 
Pj, which is the total transmit power available in the sys- 
tem in which the process of FIG. 2 is being employed. 
Next, in step 203, an initial power allocation of Premaining^ 
n, denoted as P^, is assigned to the n* substream. The 
value of R„ = log2(1+P„h"(H^i.wPn+i;wH"^ +l)-^h„) 
(n = 1 N) Is calculatedfin step 205, where 



is the complex /W-dimensional vector for the n* 
transmit substream; 

h^ n is the complex channel coefficient from the n* 
transmit substream to the nfi' receive branch, with 
m = 1 ... M; 

superscript Tindicates the matrix transpose opera- 
tion; 

H„+i = [hn+1-hw] is an M-hy-{N-n) matrix; 
Pn+^ N - ^ssiPfj+i -Pw) is the diagonal (W-m) ma- 
trix of assigned powers; 

superscript H indicates the Hermitian transpose op- 
eration; 

superscript -1 denotes the matrix inverse; and 
I is the identity matrix of size M x M. 

[0026] In step 207, the value of is quantized to the 
nearest step size, e.g., the nearest integer, the nearest 
integer which is a multiple of a selected integer, or the 
nearest multiple of a selected value, or the like. The 
quantized value of is denoted as 
[0027] The power of the current substream n is recal- 
culated In step 209. This may be performed by calculat- 
ing 



, where P„ indicates a recalculated power. Conditional 
branch point 211 tests to determine if Premaining-^fj^O. 
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This test determines if the amount of power remaining 
is greaterthan the amount of power that is allocated for 
substream n, i.e., the power allocation can actually be 
performed since there is enough power remaining to 
support it. Ifthe test result in step 211 is YES, indicating 
that the power allocation can actually be performed, 
control passes to step 213, in which the counter n is dec- 
remented and Premaining Set tO Premaining " ^n- 
[0028] Conditional branch point 215 tests to deter- 
mine if n=0, i.e., have all the substreams been proc- 
essed. If the test result in step 215 is NO, control passes 
back to step 203 and the process continues as de- 
scribed above. Ifthe test result in step 215 is YES, con- 
trol passes to step 217 and the process exits. 
[0029] If the test result in step 211 is NO, indicating 
that the power allocation cannot actually be performed, 
control passes to step 219 in which R„ is set equal to 
value of R„ quantized down to the nearest step size val- 
ue that is less than R^, e.g., the nearest integer lower 
than Rn, the nearest integer which is a multiple of a se- 
lected integer and is lower than R^, or the nearest mul- 
tiple of a selected value and is lower than R^, or the like. 
This will result in a lower value of P„. Control then pass- 
es back to step 209 and the process continues as de- 
scribed above. 

[0030] Once the process of FIG. 2 has completed the 
rates and powers that were generated may be supplied 
via a feedback path for use in a transmitter. Alternatively, 
the rates and powers may be encoded so that they are 
represented by indicators which may be interpreted by 
the transmitter to determine the appropriate rates and 
powers — and hence gains. Also, as noted above, the 
powers may be converted into gains in the receiver, and 
the gain information directly, or encoded representa- 
tions thereof, may be supplied via the feedback path for 
use in the transmitter. Furthermore, in accordance with 
an aspect of the invention, only information about the 
rates, or only information about the powers — and hence 
gains — may be fed back to achieve an improvement 
over the prior art, although feeding back both results in 
better performance. 



Claims 

1. A transmitter of a multiple-input multiple-output (MI- 
MO) system for transmitting a plurality of data sub- 
streams derived from a data stream, comprising: 

means for receiving as feedback an indicator of 
a rate and a power for each data substream; 
and 

means for applying to each respective data 
substream a rate control and a power control 
corresponding to said indicator of a rate and a 
power received for said data substream. 

2. The invention as defined in claim 1 wherein said in- 



dicator of a rate and a power includes an independ- 
ent denotation of said rate and an independent de- 
notation of said power. 

5 3. The invention as defined in claim 1 wherein said in- 
dicator of a rate and a power is said rate and said 
power. 

4. The invention as defined in claim 1 wherein said in- 
fo dicator of a rate and a power is a value which is 

directly a function of said rate and said power indi- 
cated by said indicator. 

5. The invention as defined In claim 1 wherein each 
'5 rate and power are determined by a receiver as a 

function of channel estimates. 

6. A receiver of a multiple-input multiple-output (MI- 
MO) system for receiving a plurality of data sub- 

20 streams derived from a data stream, comprising: 

means for estimating channel characteristics; 
and 

means for deriving an indicator of a rate and an 
25 indicator of a power for each data substream 

as a function of estimated channel characteris- 
tics developed by said means for estimating; 
and 

means for transmitting said indicator of said 
30 rate and said indicator of said power as feed- 

back to a transmitter. 

7. A transmitter of a multiple-input multiple-output (MI- 
MO) system for transmitting a plurality of data sub- 

35 streams derived from an overall data stream, com- 
prising: 

a plurality of encoders, one encoder for each of 
said data substreams, each of said encoders 
40 being responsive to rate information received 

as feedback from a receiver of said substreams 
transmitted by said transmitter; and 
a plurality of symbol mappers, each of said 
symbol mappers coupled to receive a respec- 
ts five encoded version of one of said data sub- 
streams, and each of said symbol mappers also 
being responsive to said rate information. 

8. The invention as defined in claim 7 further compris- 
50 ing a plurality of gain multipliers responsive to pow- 
er information received as part of said feedback 
from said receiver. 

9. The invention as defined in claim 7 further compris- 
55 ing a plurality of interleavers, each respective one 

of said interleavers being coupled between a re- 
spective one of said encoders and a respective one 
of said symbol mappers. 
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10. The invention as defined in claim 7wherein each of 
said symbol mappers is associated with a respec- 
tive one of said encoders for a respective one of 
said data substreams. 

1 1 . The invention as defined in claim 7 wherein each of 
said symbol mappers is associated with a respec- 
tive one of said encoders along a transmit path for 
a respective one of said data substreams, and for 
each transmit path its associated encoder and sym- 
bol mapper receive the same rate from said rate in- 
formation. 

12. The invention as defined in claim 7 further compris- 
ing a rate controller for supplying to each of said 
symbol mappers and said encoders a rate to be 
used in response to said rate information. 

13. The invention as defined in claim 7 further compris- 
ing a rate controller for supplying to each of said 
symbol mappers and said encoders a rate to be 
used in response to said rate information as a func- 
tion of said rate information which is received in an 
encoded format. 

14. The invention as defined in claim 7 further compris- 
ing a rate controller for supplying to each of said 
symbol mappers and said encoders a rate to be 
used in response to said rate information. 

15. A transmitter of a multiple-input multiple-output (MI- 
MO) system for transmitting a plurality of data sub- 
streams derived from an overall data stream, com- 
prising: 

a plurality of gain appliers, one gain applier for 
each of said data substreams, each of said gain 
appliers being responsive to power information 
received as feedback from a receiver of said 
substreams transmitted by said transmitter. 

16. The invention as defined in claim 15 wherein said 
gain applier is a multiplier. 

17. The invention as defined in claim 15 further com- 
prising again controllerfor supplying to each of said 

gain appliers a power to be used in response to said 
power information. 

18. The invention as defined in claim 15 further com- 
prising again controllerfor supplying to each of said 
gain appliers a power to be used as a function said 
power information which is received in an encoded 
format. 

19. A receiver of a multiple-input multiple-output (MI- 
MO) system for receiving a plurality of data sub- 
streams derived from an overall data stream, com- 
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pnsing: 

a channel estimatorfor developing (i) an overall 
channel estimate from said received plurality of 
s data substreams and (ii) an estimate of noise 

power in said overall channel; and 
a power calculator for calculating powers, one 
for each respective one of said substreams, to 
be used by a transmitter of said substreams. 

20. A receiver of a multiple-input multiple-output (MI- 
MO) system for receiving a plurality of data sub- 
streams denved from an overall data stream, com- 
pnsing: 

15 

a channel estimatorfor developing (i) an overall 
channel estimate from said received plurality of 
data substreams and (ii) an estimate of noise 
power in said overall channel; and 
20 a rate calculator for calculating rates, one for 

each respective one of said substreams, to be 
used by a transmitter of said substreams. 

21. A method for use in processing for transmission in 
25 a multiple-input multiple-output (MIMO) system a 

plurality of data substreams derived from an overall 
data stream, the method comprising the steps of: 

encoding each of said data substreams as a 
30 function of each indicator of a respective rate 

received as feedback from a receiver of said 
MIMO system for each of said data substreams 
to produce encoded data substreams; and 
mapping each of said encoded data sub- 
35 Streams after they are each respectively inter- 

leaved, said mapping for each of said encoded 
interleaved data stream being performed using 
a constellation selected as a function of each 
of said indicators of said respective rate re- 
40 ceived as feedback from a receiver of said MI- 

MO system for each of said data substreams to 
produce encoded interteaved mapped data 
substreams. 

45 22. The invention as defined in claim 21 further com- 
pnsing the step of controlling the power of each of 
said encoded interteaved mapped data substreams 
as a function of respective indicators received as 
feedback from said receiver of said MIMO system 

50 for power control of each of said encoded inter- 
leaved mapped data substreams. 

23. The invention as defined in claim 22 wherein there 
are N transmit paths, one for each data substream 
55 and M receive paths, so that there are NxM chan- 
nels, said indicators and said rates are developed 
in said receiver by the steps of: 
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developing overall channel estimate H, which 
is an NxM matrix; ^ 
determine a noise power in the channel, . 
initializing counter n to the value of N; 
initializing variable Premaining to the total trans- 
mit power available in the system Pj, 
assigning an initial power allocation of the n* 
SubStream to a value of Premaining'"; 
computing R„ = log2(1+Pnh" 

{H„^i:NP«^i^H",^+l)rih„) {n = 1 

where " 

R„ is a rate to use for the for the rf^ transmit 

substream; 



is the complex M-dlmenslonal vector for 
the transmit substream; 
h„„ is the complex channel coefficient 
from the n'^ transmit substream to the mti 
receive branch, with m = ^ ... M; 
superscript T indicates the matrix trans- 
pose operation; 

Hr)+i;w - [h^i-hftj is an yW-by-(W-n) ma- 
trix; 

P;)H w = <^'39(Pr)+i-^w) the diagonal (W- 
m) matrix of assigned powers; 
superscript H indicates the Hermitian 
transpose operation; 

superscript -1 denotes the matrix inverse; 
and 

I is the identity matrix of size M x M; 

quantizing R^, to the nearest step size to devel- 
op R„ ; and 

recalculating the power of current substream n 
by calculating 



h"(H„+i;wP„+i;wH"+i.w + l)"^h„ 



, where P„ indicates a recalculated power. 

24. The invention as defined in claim 22 further com- 
prising the following steps when Premaining ■ Pn ^0 

decrementing n; 

setting Prenialnlng to Premaining " Pn- and 

when n is not equal to zero, repeating said as- 
signing, computing, quantizing, and recalculat- 
ing steps. 

25. The invention as defined in claim 22 further com- 
prising the following steps when Premaining^^n^ 



setting R„ equal to value of quantized down 
to the nearest step size value that is less than 
R^; and 

repeating said recalculating step. 

26. A method for use in a receiver of a multiple-input 
multiple-output (MIMO) system, in which there are 
N transmit paths, one for each data substream to 
be transmitted and M receive paths, so that there 
are NxM channels in an overall channel, the method 
comprising the steps of: 



developing overall channel estimate H, which 
is an NxM matrix; ^ 
determine a noise power in the channel, a^. 
initializing counter n to the value of N; 
initializing variable Premaining to the total trans- 
mit power available in the system Pj. 
assigning an initial power allocation of the n*<^ 
substream Pn to a value of Premaining^"; 
computing R. = log2{1 + P„h^ 
(H„+i:nP^1:A/H + l^hj (n 
where " ' 



1^ 



Rn is a rate to use for the for the n"i transmit 
substream; 

h„ = n...rt;K n]''isthe complex ^-dimen- 
sional vector for the n* transmit sub- 
stream; 

is the complex channel coefficient 
from the n* transmit substream to the m* 
receive branch, with m = 1 ... M; 
superscript T indicates the matrix trans- 
pose operation; 

Hn+1 w=[hrt+i- -hw] is an /W-by-(N-n) matrix; 
P„+ijv =diag{P„+.f...P^) is the diagonal (W- 
m) matrix of assigned powers; 
superscript H indicates the Hermitian 
transpose operation; 

superscript -1 denotes the matrix inverse; 
and 

I is the identity matrix of size M x M; 

quantizing to the nearest step size to devel- 
op R„ ; and 

recalculating the power of current substream n 
by calculating 



h"(H„+i:wPn+ 



, where P„ indicates a recalculated power. 

27. The invention as defined in claim 26 further com- 
prising the following steps when Premaining - Pn >0 
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decrementing n; 

setting Premaining *° ^remaining " ^H' ^nd 

wtien n is not equal to zero, repeating said as- 
signing, computing, quantizing, and recalculat- 
ing steps. 5 

28. The invention as defined in claim 26 further com- 
prising the following steps when Premainmg- P„<0 

setting R„ equal to value of R^, quantized down io 
to the nearest step size value that is less than 
R„; and 

repeating said recalculating step. 
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Description 

CROSS-REFERENCE TO REIji\TED PATENT APPLICATIONS 

5 [0001] Reference is made copending patent application entitled: CHANNELS ESTIMATION FOR MULTIPLE INPUT 
- MULTIPLE OUTPUT, ORTHOGONAL FREQUENCY DIVISION MULTIPLEXING (OFDM) SYSTEM. Tiiis application 
Is a utility patent application based on provisional patent application serial 30/229972, filed September 1, 2000. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The Invention relates to adapting time diversity and spatial diversity for use In an orthogonal frequency-division 
multiplexing (OFDM) environment, using a multiple input and multiple output (MIMO) structure. 

IS 

Discussion of Related Art 

[0003] A multiple input, multiple output (MIMO) structure has multiple communication channels that are used between 
transmitters and receivers. A space time transmitter diversity (STTD) system may be used on a MIMO structure, but it 
20 will not increase the data throughput. Indeed, for a high level configuration, the data rate may even reduce. In an STTD 
system, the transmitters deliver the same information content w^ithin consecutive symbol duration so that time diversity 
may be exploited. To efficiently use the multiple transmitters of the MIMO structure, however, the transmission data rate 
needs to be Increased. 

[0004] The most straightfbnvard solution to increase the transmission data rate is to in forward error correction (FEC) 
2S dump Independent data to each transmitter. Afbnward error correction (FEC) encoder produces In-phase and quadrature- 
phase data streams for the digital QAM modulator in accordance with a predetermined QAM constellation. The QAM 
modulator may perform baseband filtering, digital interpolation and quadrature amplitude modulation. The output of the 
QAM modulator is a digital intermediate fi-equency signal. A digital to analog (D/A) converter transforms the digital IF 
signal to analog for transmission. 
30 [0005] The problem arises, however, as to how to safely recover the transmitted data. For a 2x2 system (two trans- 
mitters, two receivers) for example, after the channel information is obtained, the recovery process entails formulating 
two equations with two unknowns that need to be solved. The two unknowns may be determined only if the 2x2 channel 
Is invertible. In practice, however, two situations may be encountered, i.e., the channel matrix is rank deficient so the 
unknowns cannot be determined orthe frequency response channel matrix is invertible but has a very small elgen value. 
3S [0006] The first situation arises when the channels are highly correlated, which may be caused either by not enough 
separation of the transmitters or by homology of the surroundings. For the second situation, although the equations are 
solvable, the solution can cause a high bit error rate (BER), because a scale up of the noise can result In an Incorrect 
constellation point. 

[0007] Orthogonal frequency-domain multiplexing (OFDM) systems were designed conventionally for either time dl- 
40 verslty orfor space diversity, but not both. The former will provide a robust system that combats signal fading but cannot 
Increase the data rate capacity, while the latter can Increase the data rate capacity but loses the system robustness. An 
OFDM signal contains OFDM symbols, which are constituted by a set of sub-carriers and transmitted for afixed duration. 
[0008] The MIMO structure may be used for carrying out time diversity for an OFDM system. For instance, when one 
transmitter transmits an OFDM signal, anothertransmitterwill transmit a fully correlated OFDM signal to that transmitted 
fs by the one transmitter. The same OFDM signal is transmitted with, for instance, a fixed OFDM duration. 

[0009] On the other hand, spatial diversity entails transmitting independent signals from different transmitters. One 
example of this type of transmission is described in Intemational Application WO 98/09381. Thus, transmitting two 
Independent OFDM signals from two transmitters, respectively, results in a double data rate capacity from the parallel 
transmission that occurs. 

so [0010] When the signal to noise ratio (SNR) Is low, theframe error rate (FER) is large, sothat a data packet transmission 
will be decoded Incorrectly and will need to be retransmitted. The quality of service (QoS) defines the number of times 
that the same packet can be retransmitted, eg., within an OFDM architecture. The OFDM system on a MIMO structure, 
therefore, should be adaptable to ensure that the QoS is maintained. 

[001 1] For any given modulation and code rate, the SNR must exceed a certain threshold to ensure that a data packet 
55 will be decoded correctly. When the SNR is less than that certain threshold, the bit error rale (BER) will be larger, which 
results In a larger FER. The largerthe FER, the more retransmissions of the same packet will be required untllthe packet 
is decoded correctly. Thus, steps may need to be taken to provide the OFDM system with a higher gain. If the SNR is 
at or above the threshold, then there is no need to increase the gain of the architecture to decode the data packets 
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correctly. One challenge is to adaptthe OFDM system to use time diversity when signal fading is detected as problematic 
and to use spatial diversity at other time to increase the data rate transfer. 

[0012] In a conventional OFDM system, there are many OFDM modes, for examples are the Ik mode (1024 tones) 
and the half k mode(512 tones). For Ik mode, the number of sub-carriers is 1024 and for the half k mode, the number 
5 of sub-carriers is 512. The 1k mode is suitable for a channel with long delay and slow temporal fading, while the 512 
mode is suitable for the channel with a short delay and fast temporal fading. But which mode will be used is really 
depending on the real environment. 

[0013] A transaction unit of a conventional OFDM signal is an OFDM frame that lasts 10 ms. Each OFDM frame 
consists of 8 OFDM slots and each slot lasts 1 .25 ms. Each OFDM slot consists of 8 OFDM symbols and some of the 
10 OFDM symbols will be the known preambles for access and channels estimation purposes. An OFDM super frame is 
made up of 8 OFDM frames and lasts 80 ms. 

[0014] In addition to transmitted data, an OFDM frame contains a preamble, continual pilot sub-carriers, and trans- 
mission parameter sub-carriers/scattered sub-carriers. The preamble contains OFDM symbols that all used for training 
to realize timing, frequency and sampling clock synchronization acquisitions, channel estimation and a C/l calculation 
'5 for different access points. 

[0015] The continual pilot sub-carriers contain training symbols that are constant for all OFDM symbols. They are 
used for tracking the remaining fi-equency/sampling clock offset after the initial training. 

[0016] The transmission parameter sub-carrier/scattered sub-carriers are dedicated in each OFDM symbol and re- 
served for signalling of transmission parameters, which are related to the transmission scheme, such as channel coding, 
20 modulation, guarding interval and power control. The transmission parameter sub-carriers are well protected and there- 
fore can be used as scattered pilot sub-carriers after decoding. 

[0017] One application for determining whether sub-carriers should be assigned to time diversity or spatial diversity 
is to conform statistical analysis of traffic demands during particular times of the day, such as peak and off-peak. The 
OFDM system may preferably bias toward either time diversity or spatial diversity based on such a statistical analysis. 

25 

BRIEF SUMMARY OF THE INVENTION 

[0018] According to one aspect of the invention there is provided a receiving apparatus as claimed in Claim 1. 
[0019] According to a second aspect of the invention there is provided transmitting apparatus to claimed in Claim 9. 
30 [0020] According to a further aspect of the present invention methods for use with an adaptive OFDM system as 
claimed in Claims 20 and 27 are provided. 

[0021] One aspect of the invention pertains to employing adaptive STDD and spatial multiplexing (SM) based on 
comparing the channel condition of each sub-carrier with a threshold. When a sub-carrier is accommodated on channels 
that have a "well conditioned" channel matrix, spatial multiplexing may be used to create independent transmission paths 
35 and therefore increase the data rate. A "well conditioned" channel matrix arises when the smallest eigen value is not 
too small as compared to a threshold value, such as the noise power increase when multiplied by its inverse. For those 
sub-carriers whose channel matrices have smaller oigcn values, the receiver cannot recover the parallel transmitted 
Information symbols. As a result, STTD is used to guarantee a robust system. 

[0022] Encoders associated with the transmitter side encode or classify sub-carriers in accordance with one of two 

-JO groups based on a feedback signal; one of the groups is to fonward error correction (FEC) time diversity and the other 
of the two groups is to fonvarderror correction (FEC) spatial diversity. This grouping is based on results from a comparison 
made at the receiver side between a threshold value and either a calculated smallest eigen value of a frequency response 
matrix, the smallest element in a diagonal of the matrix, or a ratio of the largest and smallest eigen values in the matrix. 
[0023] The threshold value is based on the transmitter and receiver antenna configuration, environmental constraints 

IS of the OFDM communication system, and/or on statistical analysis of communication traffic demands. The estimate 
value is derived from channel estimation of multiple channels of multi-input multi-output (MIMO) type systems. 
[0024] Time diversity is used to reduce adverse signal fading. Spatial diversity is used to increase the data rate, which 
time diversity cannot do. When sub-carriers use time diversity, it means that signal fading is strong so that parallel 
transmission of data packets can not be done to overcome the insufficient gain problem. Instead, time diversity is used 

so to get the necessary gain for the OFDM system, even though the data rate capacity suffers. An SNR gain is assured 
with time diversity, because of the orthogonality matrix pattern inherent among transmitted samples in the OFDM system. 
On the other hand, when sub-carriers use spatial diversity, signal fading is weak so that parallel transmissions may 
occur to increase the data rate capacity. Thus, there is no need to increase the gain of the OFDM system, which means 
that the data rate may be increased. 

ss [0025] In operation, the OFDM system of the invention may start transmission of data packets with either time diversity 
or spatial diversity. The receiver side will estimate the channels and decode the data packets. After the channel infor- 
mation, is obtained, the receiver side will calculate the eigen values of the channel matrices to the extent possible. The 
controller then determines whether the sub-carrier to use time diversity or spatial diversity based on one of three criteria 
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{only one of which is dependent upon the eigen value calculation). The receiver then reports back or feedbacks to the 
transmitter side with this information, i.e., about whether the sub-carrier is to use time diversity or spatial diversity so as 
to trigger the next round of transmission accordingly. 

5 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

[0026] For a better understanding of the present invention, reference is made to the following description and accom- 
panying drawings, while the scope of the invention is set forth in the appended claims. 

10 Fig. 1 is a schematic representation of a generic multi-input, multi-output orthogonal frequency-division multiplexing 

transmitter in accordance with an embodiment of the invention. 

Fig. 2 is a schematic representation of an orthogonal frequency-division multiplexing symbol. 
Fig. 3 is a space time transmitter diversity (STTD) orthogonal frequency-division multiplexing (OFDM) encoder for 
loading data to a sub-carrier in G1 which will be specified in the forthcoming sections. 
15 Fig. 4 is a spatial multiplexing (SM) orthogonal frequency-division multiplexing (OFDM) encoder for loading data to 

a sub-carrier in G2 which will be specified in the forthcoming sections. 

Fig. 5 is a schematic representation of two pure STTD transmitters that save one half of the IFFT computation. 
Fig. 6 is a schematic representation of four pure STTD transmitters that save three fourths of the IFFT computation. 
Fig. 7 is a schematic representation a generic receiver structure. 
20 Fig. 8 is a schematic representation of configurations of a two receiver antenna case and a three receiver antenna 

case. 

DETAILED DESCRIPTION OF THE INVENTION 

2S [0027] The invention concerns a practical time and spatial diversity combination that fits into an OFDM system. The 
OFDM system of the invention can automatically adapt the cliannel variation and make trade off between time diversity 
and spatial diversity. In an exemplary environment, the data rate can be increased 1.8 times for 2x2 configuration (2 
transmitters, 2 receivers), which gives 80 Mbps, and 2.7 times for 3x3 configuration )3 transmitters, 3 receivers) which 
gives 121 Mbps within 6MHz, while keep the robustness of the system. 

30 [0028] Turning to the drawing, Figure 1 shows a generic MIMO and OFDM transmitter system. In the figure, STTD 
and SM are the abbreviations of Space-Time-Transmitter Diversity and Spatial Multiplexing. The MIMO OFDM is con- 
figured as two level adaptations as shown in Figure 1, namely, space/time diversity adaptation and coding/modulation 
adaptation. The space/time diversity adaptation is determined by the carrierto interference power ratio or signal to noise 
power ratio. 

35 [0029] Information data is fed into adaptive coding modulation, the modulation is multiplexed and fed into adaptive 
space/time diversity encoding and assignment. A receiver feedback to provide feedback signals to the adaptive coding 
of modulation, multiplexer and adaptive space/time diversity is also provided. The multiplexed signals in the adaptive 
space/time diversity pass through STTD/SM OFDM encoders and the encoded signals transmit to associated antennas. 
The adaptive coding and modulation includes a forward error correction (FEC) encoder, an interleaver and an m-PSK 

-JO modular. 

[0030] If X MHz bandwidth is available, then Orthogonal Frequency Division Multiplexing OFDM is to chop this whole 
spectrum into many small pieces of equal width and each of them will be used as a carrier. The width of the piece will 
be determined by delay spread of the targeted environment 

[0031] The STTD/OFDM encoder is responsible forthe assignment of the constellation points to each sub-carrier. For 
M transmitters, M OFDM symbols data are loaded In general (so the bit loading will be calculated according to this 
number), but it will depend on the STTD stnjcture. Figure 2 illustrates one OFDM symbol. 

[0032] For each sub-carrier that is indexed k, its loading will be determined by its corresponding channel condition. 
For N receivers, the frequency channel responses may be represented by an MxN matrix, say H(k). The channel condition 
will be described by one of the following 3 criteria. 

50 

1. Smallest eigen value of H{k)H(k)* 

2. Smallest element of the diagonal of H(k)H(k)'" 

3. The ratio of largest and smallest eigen values of H(k)H(k)* 

55 [0033] A set of thresholds for each criterion and for each system configuration is used. These thresholds will be service 
parameters and can be used as quality of service (QoS) or billing purposes. 

[0034] With each criterion and a given threshold, all the sub-carriers will be classified into two groups G1 and G2 by 
a controller at the receiver side. The controller directs the transmission of a feedback signal indicative of the result of 
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the classification. Tiie feedback signal is received at the transmitter side and interpreted by a controller at the transmitter 
side. The sub-carriers classified in G1 will use STTD encoder at the transmission side while those classified in G2 will 
use the SM encoder at the transmission side. 

[0035] After the subcarriers have been classified into the two groups G1 and G2, the modulation scheme on each 
5 sub-carrier will be determined by the estimated C/l {carrier to interference ratio) or SNR {signal to noise ratio). As a 
result, a modulation scheme, such as of QPSK or m-PSK or various QAM, will be selected to satisfy QoS {quality of 
service) based on the determination made by the estimated C/l or SNR. This is another level adaptation that may 

maximize the throughput gain. 

[0036] For instance, when the QoS is defined, the FER {frame error rate) may be ten percent. The goal is to choose 
10 a modulation scheme according to the perceived C/l or SNR to satisfy this QoS, yet still maximizing the throughput of 
data flow. To achieve this, a pre-defined look-up table may be accessed that is in accordance with various QoS. 
[0037] In determining which modulation scheme will satisfy the criteria, the C/l or SNR estimation is done during mobile 
access, after looking for the strongest signal from the base station first. Based on such knowledge and estimation, one 
is able to get a rough idea as to which modulation scheme should be used. Regardless of the modulation scheme 
IS selected initially, the invention is configured to automatically adapt toward whichever modulation scheme represents the 
optimal modulation. 

[0038] Fig. 3 shows how to load data on sub-carrier k for a situation involving 2 transmitters for example. This data 
loading is done within a pair of OFDM symbols. As can be appreciated, apparently one sample has been transmitted 
twice within 2 OFDM symbols duration via 2 transmitters. Thus, the data rate is the same as for the one transmitter 
20 OFDM system. 

[0039] Fig. 4 shows how to load data on sub-carrier k in G2 for a situation involving 2 transmitters. In this case, each 
transmitter transmits independent data and therefore the data rate is double for 2 transmitters and M times for M trans- 
mitters. 

[0040] The adaptive time diversity and spatial diversity for OFDM works as follows. Starting out, an STTD mode is 
2S used for all sub-carriers. The receiver estimates the channel profiles and then directs a feedback of its preference either 
to STTD or spatial multiplexing (SM) ou each sub-carrier. 

[0041] The whole sub-carrier indices {Kn^m, K^in+I, ... K^ax} are then divided into two disjoint subsets and lg„. 
The one with fewer elements will be the feedback to the transmitters. The extreme case is that one of them is an empty 
set, which means use of either pure STTD or pure SM. As in the pure STTD system, the transmitters always consider 
30 two OFDM symbols as the basic transmission unit for 2x2 configuration and M OFDM symbols for a system has M 
transmitters. 

[0042] The number of input bits, however, needs to be calculated according to a modulation scheme and a dynamic 
distribution of l^^j and ig^,. More precisely, the number of bits needed for the two consecutive OFDM symbols is 2x| 
IsttdlL + 4x| igmlL, where L is the modulation level which equals to 2. 3. 4 5, 6, 7, 8. 

35 [0043] When a granularity problem arises, the two OFDM symbols arc repacked to fit the granularity by removing 
some sub-carriers from 1^^ into \^^^. This may sacrifice the data rate somewhat, but keep the system robust. 
[0044] In the receiver side, a quadrature amplitude modulation QAM dc-mapping block is used to de-map the received 
data according to l^^^j and l^^. 

[0045] STTD is the baseline of the service quality. This means that when parallel transmission is carried out in the 
-JO designated communication channels, then it is guaranteed parallel transmission, because the BER or FER will be 
controlled to achieve the necessary QoS. The transmitters will propagate the transmissions at the same constant power 
and the modulation will be the same for each transmitter. Thus, no power pouring technique needs to be employed. 
[0046] Three thresholds are used to classify the sub-carriers. Indeed, the threshold can be used as a service parameter 
and tuned aggressive to either STTD mode orSM mode according to customer demand, i.e., based on statistical analysis 
of that demand. 

[0047] As an example, for the case where the smallest eigen value is used as the threshold in a 2x2 configuration (2 
transmitters, 2 receivers), there is a 60 % opportunity to do parallel transmission with 0.5 as the threshold value, which 
may be scale the noise 3 dB up. for a 2x4 configuration (2 transmitters, 4 receivers), there is an 80 % opportunity to do 
parallel transmission with 1 as the threshold value, which may even reduce the noise. 
so [0048] Fig. 5 shows a special, but very practical situation, which shows two pure STTD transmitters that save y2 of an 
inverse fast Fourier transform {IFFT) computation. The present invention may automatically switch to this scenario in a 
vulnerable environment involving 2 transmitters. 

[0049] Conventionally, one would expect eachtransmitterto transmit 2 OFDM symbols every 2 OFDM symbol duration. 
Thus, there are 4 OFDM symbols transmitted for every 2 OFDM duration that go through a respective independent IFFT 
55 computation engine. This means that a complex number IFFT computation is expected to be conducted four times. 
[0050] For a pure STTD implementation with 2 and 4 transmit antennas, the computational efficient implementation 
is shown in Figures 5 and 6 respectively. The scheme in Figure 5 requires Vfe of the IFFT computation and the scheme 
in Figure 6 requires Va of the IFFT computation as compared with a straightforward implementation that performs the 
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computations separately. 

[0051] In accordance with Fig. 5, however, there is data crossing between two transmitters, which saves two IFFT 
computations. Yet, it provides four IFFT outputs, which is exactly the same results where four independent IFFTs are 
used. Although four IFFT operations are shown in Fig. 5, they are operating on real vectors, which means the compu- 
tational complexity of a real IFFT equals the complex IFFT with a half size. Therefore, the computational time saving 
comes from the relationship between IFFT on a vector and its conjugate. 

[0052] In Fig. 5, the bits are coded bits, which are the input to variable M-PSK/QAM mapping.. The mapping will map 
the bits to the corresponding constellation points according to the Gray rule; constellation points here refer to any 
modulation scheme, such asQPSK, m-PSK, QAM, etc. The constellation vector will be insertedwitha pilot intoa multiplex 
and then into first in first out (FIFO) buffers. 

[0053] The designations Sq, S^, S3, S2046, S2047, in the FIFO buffer represent complex vectors. The function Re 
{} refers to just taking the real part of the complex vector. The designation lm{} refers to just taking the imaginary part 
of the complex vector. The real and imaginary parts are fed as input into IFFTs. The designation D/A refers to a digital 

to analog converter. 

[0054] The transmission order for the first transmitter is OFDM symbol b and then d the transmission order for the 
second transmitter is OFDM symbol g and then f etc. Before each OFDM symbol is transmitted, the cyclic extension will 
be appended somewhere in the OFDM symbol. 

[0055] Periodically inserted preambles will serve for the timing recovery, framing, frequency offset estimation , clock 
correction and overall channel estimation The estimated channel samples will be used for the continuous spectrum 
channel reconstruction. Pilot symbols will serve for phase correction, final tuning of channel estimation. 
[0056] The mathematical equivalence for Fig. 5 is as follows 



f = IFFT 



g = IFFT 



[0057] Fig. 6 shows four Pure STTD Transmitters that represents a rate 3/4 STTD encoder as: 
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[0058] Such an STTD encoder encodes every 3 OFDM symbols into 4 OFDM symbols and transmits to 4 antennas. 
Figure 6 scheme requires 1/4 IFFT computation compared to the straightfonA^ard implementation. The reason why 
computation is saved is for the same reasons as in Fig. 5. The parameters there are defined respectively as follows: 
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[0059] Fig. 7 is an abstract diagram of a generic receiver structure. 

STTD/SM OFDIW decoder is sub-carrier based decoder. Tlie structure and configuration of the STTD/SIVI OFDIW decoder 

will depend on the architecture configuration. 

Suppose sub-carrier m is STTD coded, i.e. m belongs to G1 . 

[0060] For a 2x2 configuration: 

S(2m) and S(2m-i-1 ) are decoded by solving the following equations 



U(9 



+ !,«)■ J -Ai,(^,m)-J[j(2m + l)J U{? + l.«)J 



[0061] The assumption here is that the even indexed sample S(2m) is transmitted in qth OFDM and the odd indexed 
sample S(2m+1) is transmitted in (q+1)th OFDM symbol. 

[0062] There are 4 equations and two unknowns. So a least mean square solution can be obtained by multiplying the 
coefficient matrix to the received data vector. With the above two pairs, we will get two estimated of the same pair of 
samples. Their average will be the output of the 

[0063] More statistics are performed after regrouping the equations. In fact, every pair of the equations will result a 
solution, every 3 equations also provide a new estimation, and all the equations will give a solution too. There are 10 
combinations in total and therefore 10 estimation with these 4 equations. Their average or partial average will be used 
as the solution. 

[0064] A 2x3 configuration is similar to 2x2, involving 6 equations: 



y,iq,m) '\Jh,,(q,m) h,,{q,m) T s(,2m) IJ n,{q,m) "j 

r 1 r/i^j(?,m) hai.q,m) T s{2m) If" n^iq^m) 1 

Uc^+Um/J [h^,{.qM -^,(9,in)*J[j(2flt + l)J''L'^{? + l,m)J 

[y^{q-¥\,nCi\ ~\h^{q,m)' -A,3{^,OT)*J[5(2m + l)J'*'[nj(9 + l,m)J 



[0065] For a 2x4 configuration, there are 8 equations: 
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U(9 
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[0066] For a 4x2 configuration, there are 8 equations and 3 unl<nowns 
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v(m) = Re(s(3(m-1) + 1)) +y lm(s(3(m- 1 ))), 
Cfm;=-Refsf3^m-Y;;;-yim ag(s(3(m-1) + 1)), 

hy^ (m) is the frequency channel response of the channel between transmitter k and receiver I. 
[0067] Similarly, the received data for the 4x2 configuration is 
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[0068] The solution will be the least mean square solution by enumerating all possibilities. Suppose instead that sub- 



EP1 185 001 B1 

carrier m is SM Coded, i.e. m belongs to G2. For a 2x2 configuration, there are 4 equations and 4 unitnowns; 



+ Im) 1 Jh,,iq,m) h^X^,m)Js(2m + 2)1 + 
+ l.m)* J L^2(?,m) h,2iq,m.)lsi2m + 3)J [/J^C^ + l,/n)J 



[0069] So the 4 unknowns can be estimated by the least mean square solutions. 
[0070] For a 2x3 configuration, there are 6 equations and 4 unknowns. 
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[0071] For a 2x4 configuration, there are 8 equations and 4 unknowns 
[0072] For a 3x3 configuration, there are 9 equations and 9 unknowns. 

[0073] In accordance with the inventive architecture, the data rate can be as high as 70 Mbps for 2x2 and 120 Mbps 
for 3x3 within 6 MHz spectrum. 

[0074] An exemplary optimal threshold value for a 2x2 configuration is 0.5. An exemplary optimal threshold value for 
a 2x4 configuration is 1.0. An exemplary optimal threshold value for a 3x3 configuration is 1.2. An exemplary optimal 
threshold value for a 2x3 configuration is 1.0. By exemplary optimal threshold value, the intent is to attain a value that 
has a trade-off between time and spatial diversity that yields both a relatively high robustness and relatively high data 
packet rate transfer. 

[0075] As can be appreciated for each of the afbre-mentioned configurations, there are a certain number of equations 
and a certain number of unknowns. In an over-determined system, the number of equations is greater than the number 
of unknowns. Thus, for a 2x2 configuration, there are two unknowns but four equations may be formulated. If there is 
no noise, any two of them (six pairs), or any three of them (four triples) or all of the four equations (one quadratic) will 
give the same answer. The difference is when noise is present, because the combinations with then give different 
solutions. Since some of the solutions may be good while others are bad, different combinations are chosen, but those 
combinations that result In large derivations are to be avoided. The idea is to use a sub-set of the over determined linear 
equations to estimate the solution and then average all the possible solutions that seem viable. The averaging may be 
done with a least mean square solution, which is a conventional mathematical technique. 

[0076] Figure 8 compares a two receiver antenna case and a three receiver antenna case. With respect to the three 
receiver antenna case, the number of receiver antennas is greater than the number of transmitter antennas. As a 
consequence, the receiver has additional redundancy, the receiver has various configurations, and the configurations 
yield several different decoding results. The most reliable solution can be selected from among them or all the solutions 
may be averaged to obtain a final result. 

[0077] While the foregoing description and drawings represent the preferred embodiments of the present invention, 
it will be understood that various changes and modifications may be made without departing from the scope of the 
present invention. 
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Claims 

1 . A receiving apparatus for use witli an adaptive ortliogonal frequency division-multiplexing, OFDM system that uses 
multiple input multiple output, MIMO structure to transmit OFDM signals from a plurality of transmitters to a plurality 
5 of receivers, the OFDM signal having an OFDM frame of a duration, the OFDM frame having data packets and a 

plurality of OFDM slots, each of the OFDM slots having a plurality of OFDM symbols that include a plurality of sub- 
carriers, the apparatus characterised by: 

means for responding to receipt of the OFDM signal; means for determining whether time diversity or spatial 
10 diversity should be used for subsequent transmissions in response to the reception of the OFDM signal; means 

for transmitting a feedback signal indicative of that determination; the OFDM signals transmitted over multiple 
ones of the transmitters being independent of each other for the spatial diversity and corresponding to each 
other for the time diversity. 

IS 2. An apparatus as in claim 1 , wherein the means for determining includes a controller that makes the determination 
based on a comparison of a channel condition with a threshold, the channel condition being based on a frequency 
response channel matrix that is derived fi-om OFDM symbols. 

3. An apparatus as in claim 2, wherein the channel condition is based on a calculation of a smallest eigen value of the 
20 frequency response channel matrix. 

4. An apparatus as in claim 2, wherein the channel condition is based on a determination of a smallest element in a 
diagonal of the frequency response channel matrix. 

2S 5. An apparatus as in claim 2, wherein the channel condition represents a ratio of largest and smallest eigen values 
of the channel matrix. 

6. An apparatus as in claim 2, wherein the channel condition is based on one of three criteria selected from a group 
consisting of a calculation of smallest eigen values of the channel matrix, a smallest element in a diagonal of the 

30 channel matrix, and a ratio of largest and smallest eigen values of the channel matrix. 

7. An apparatus as in claim 2, further comprising a channel estimatorthat forms thefi'equency response channel matrix. 

8. An apparatus as in claim 2, wherein the controller is configures to classify the sub- carriers into one of two groups 
35 in accordance with the channel condition, one of the two groups being indicative of time diversity and the other of 

the two groups being indicative of spatial diversity, the controller being further configured to determine a modulation 
scheme on each of the classified sub-carriers based on an estimated ratio selected from a further group consisting 
of a carrier to interference ratio and a signal to noise ratio. 

40 9. A transmitting apparatus for use with an adaptive orthogonal frequency division-multiplexing, OFDM system that 
uses multiple input multiple output, MIMO, structure to transmit OFDM signals from a plurality of transmitters to a 
plurality of receivers, the OFDM signal having an OFDM fi-ame of a duration, the OFDM frame having data packets 
and a plurality of OFDM slots, each of the OFDM slots having a plurality of OFDM symbols that include a plurality 
of sub-carriers, the apparatus characterised by: 

45 

at least one controller configures and arranged to respond to a feedback signal; an encoder for assigning 
constellation points to the sub-carriers in accordance with a channel condition so as to classify each of the sub- 
carriers into one of two groups in response to the feedback signal, the encoder including a space time transmitter 
diversity, STTD, encoder and a spatial multiplexing, SM, encoder, the STTD encoder being arranged to encode 
50 the sub-carriers classified in one of the groups in accordance with time diversity and the SM encoder being 

arranged to encode the sub-carriers classified in the other of the groups in accordance with spatial diversity; 
the OFDM signals that are transmitted over multiple ones of the transmitters are independent of each other for 
the spatial diversity and correspond to each other for the time diversity. 

55 10. An apparatus as in claim 9, wherein the controller is configures to determine a modulation scheme on each of the 
sub-carriers based on an estimated ratio selected fi-om a further group consisting of a carrier to interference ratio 
and a signal to noise ratio. 
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1 1 . An apparatus for use with an adaptive orthogonal frequency division multiplexing, OFDM, system that uses multiple 
input multiple output, MIMO, structure to transmit OFDM signals from a plurality of transmitters to a plurality of 
receivers, the OFDM signal having an OFDM frame of a duration, the OFDM frame having data packets and a 
plurality of OFDM slots, each of the OFDM slots having a plurality of OFDM symbols that include a plurality of sub- 

5 carriers, the apparatus comprising: 

the receiving apparatus of claim 1; and 

the transmitting apparatus of claim 9; wherein the OFDM signals that are transmitted over multiple ones of the 
transmitters are independent of each other for the spatial diversity and correspond to each other for the time 
10 diversity 

1 2. An apparatus as in claim 1 1 , wherein the controller is configures to determine a modulation scheme on each of the 
sub-carriers based on an estimated ratio selected from a further group consisting of a carrier to interference ratio 
and a signal to noise ratio. 

IS 

13. Anapparatusasinclaim 12,whereinthecontrollersassocia1edwiththereceptionareconfiguredtomakea calculation 
of eigen values of channel matrices to make a determination as to which sub-carriers are to use the time diversity 
to reduce signal fading fonvard error correction, FEC, during a subsequent transmission and which sub-carriers are 
to use the spatial diversity to increase a rate of data transfer during the subsequent transmission, the controllers 

20 associated withthe reception beingconfiguredlomakethedelerminationbasedonacomparisonbetweenathreshold 

and at least one of three criteria and to direct transmission of a feed back signal indicative of a result of the deter- 
mination, at least one of the criteria being based on the calculation, at least another of the criteria being based on 
elements of a diagonal of at least one of the channel matrices. 

2S 14. An apparatus as in claim 12, wherein the controllers associated with the reception are configured so to make the 
determination based on a comparison of a channel condition with a threshold, the channel condition being based 
on a frequency response channel matrix that is derived fi-om OFDM symbols. 

15. An apparatus as in claim 14, wherein the channel condition represents a calculation of a smallest eigen value of 
30 the frequency response channel matrix. 

16. An apparatus as in claim 14, wherein the channel condition represents a determination of a smallest element in a 
diagonal of the frequency response channel matrix. 

3S 17. An apparatus as in claim 14, wherein the channel condition represents a ratio of larges and smallest eigen values 
of the channel matrix. 

18. An apparatus as in claim 14, wherein the channel condition represents one of three criteria selected from a group 
consisting of a calculation of smallest eigen values of the channel matrix, a smallest element in a diagonal of the 

40 channel matrix, and a ratio of largest and smallest eigen values of the channel matrix. 

19. Anapparatusasinclaim 14, furthercomprisinga channel estimatorthatfbrmsthefi'equency response channel matrix. 

20. A method for use with an adaptive orthogonal frequency division-multiplexing, OFDM, system that uses multiple 
input multiple output, MIMO, structure to transmit OFDM signals from a plurality of transmitters to a plurality of 
receivers, the OFDM signal having an OFDM frame of a duration, the OFDM fi-ame having data packets and a 
plurality of OFDM slots, each of the OFDM slots having a plurality of OFDM symbols that include a plurality of sub- 
carriers, the method characterised by the steps of; 

responding to receipt of the OFDM signal by making a determination as to whether time diversity or spatial diversity 
so should be used for subsequent transmissions and 

transmitting a feedback signal indicative of that determination; 

the OFDM signals that are transmitted over multiple ones of the transmitters being independent of each other for 
the spatial diversity and corresponding to each other for the time diversity. 

ss 21 . A method as in claim 20, wherein making the determination is based on a comparison of a channel condition with 
a threshold, the channel condition being based on a frequency response channel matrix that is derived from OFDM 
symbols. 
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22. A method as in claim 21 , further comprising the step of calculating a smallest eigen value of the frequency response 
channel matrix basing the channel condition on the calculating. 

23. A method as in claim 21 , further comprising the step of determining a smallest element in a diagonal of the frequency 
response channel matrix and basing the channel condition on the determining. 

24. A method as in claim 21, further comprising the step of calculating a ratio of largest and smallest eigen values of 
the channel matrix and basing the channel condition on the ratio. 

25. A method as in claim 21, wherein the channel condition is based on one of three criteria selected from a group 
consisting of a calculation of smallest eigen values of the channel matrix, a smallest element in a diagonal of the 
channel matrix, and a ratio of largest and smallest eigen values of the channel matrix. 

26. A method as in claim 20, further comprising the steps of classifying the sub-carriers into two groups one of the two 
groups being indicative of time diversity and the other of the two groups being indicative of spatial diversity and 
determining a modulation scheme on each of the classified sub-carriers based on an estimated ratio selected from 
a further group consisting of carrier to interference ratio and signal to noise ratio. 

27. A method for use with an adaptive orthogonal frequency division-multiplexing, OFDM, system that uses multiple 
input multiple output, MIMO, structure to transmit OFDM signals from a plurality of transmitters to a plurality of 
receivers, the OFDM signal having an OFDM frame of a duration, the OFDM frame having data packets and a 
plurality of OFDM slots, each of the OFDM slots having a plurality of OFDM symbols that include a plurality of sub- 
carriers, the method characterisod by the steps of; 

responding to a feedback signal, directing an encoderto assign constellation points to the sub-carriers in accordance 
with a channel condition; classifying each of the sub-carriers into one of two groups according to the previous 
assignment of constellation points, the encoder adapted to carry out the steps of time diversity encoding the sub- 
carriers classified in one of the groups in accordance with time diversity using a space time transmitter diversity, 
STFD,encoderand spatially multiplexing encoding the sub-carriers classified in the other of the groups inaccordance 
with spatial diversity using a spatial multiplexing, SM, encoder; the OFDM signals that are transmitted over multiple 
ones of the transmitters are independent of each other for the spatial diversity and correspond to each other for the 
time diversity. 

28. A method as in claim 27 wherein on classifying the sub-carriers into two groups, one of the two groups is indicative 
of time diversity and other of the two groups is indicative of spatial diversity; the method further comprises the step 
of determining a modulation scheme on each of the classified sub-carriers based on an estimated ratio selected 
from a further group consisting of a carrier to interference ratio and a signal to noise ratio. 

29. A method as in claim 20, further comprising the steps of claim 27. 

30. A method as in claim 29, wherein the step of making a determination as to which sub-carriers are to use the time 
diversity to reduce signal fading forward error correction, FEC, during a subsequent transmission and which sub- 
carriers are to use the spatial diversity to increase a rate of data transfer during the subsequent transmission further 
comprises a calculation of eigen values of channel matrices the determination being based on a comparison between 
a threshold and at least one of three criteria, at least one of the criteria being based on the calculation, at least 
another of the criteria being based on elements of a diagonal of at least one of the channel matrices. 

31. A method as in claim 29, wherein the step of making the determination is based on a comparison of a channel 
condition with a threshold, the channel condition being based on a frequency response channel matrix that is derived 
from OFDM symbols. 

32. A method as in claim 31 , further comprising the step of calculating a smallest eigen value of the frequency response 
channel matrix basing the channel condition on the calculating. 

33. A method as in claim 31 , further comprising the step of determining a smallest element in a diagonal of the frequency 
response channel matrix and basing the channel condition on the determining. 

34. A method as in claim 31, further comprising the step of calculating a ratio of largest and smallest eigen values of 
the channel matrix and basing the channel condition on the ratio. 
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35. A method as in claim 31, further comprising basing the channel condition on one of three criteria selected from a 
group consisting of a calculation of smallest eigen values of the channel matrix, a smallest element in a diagonal of 
the channel matrix, and a ratio of largest and smallest eigen values of the channel matrix. 

5 36. A method as in claim 29, further comprising the step of determining a modulation scheme on each of the sub-carriers 
based on a estimated ratio selected from a further group consisting of a carrier to interference ratio and a signal to 
noise ratio. 



10 Patentanspruche 

1. EmpfangsvorrichtungzurVerwendung mitelnemadaptivenorthogonalen Frequenzmultiplex-, OFDM, System, das 
eine Struktur mit mehrfachen Eingangen und mehrfachen Ausgangen, MIMO, verwendet, um OFDM-Signale von 
einer Vielzahl von Sendem zu einer Vielzahl von Empfangern zu senden, wobei das OFDM-Signal einen OFDM- 
's Rahmen mit einer Dauer aufw^eist, der OFDM-Rahmendatenpakete und eine Vielzahl von OFDM-Schlitzen aufweist, 
M^obei jeder der OFDM-Schliize eine Vielzahl von OFDM-Symbolen aufw^eist, die eine Vielzahl von Untertragern 
einschlielJen, wobei die Vorrichtung gekennzeichnet ist durch: 

eine Einrichtung zum Antw^orten auf den Empfang des OFDM-Signals; eine Einrichtung zur Feststellung, ob 
20 eine Zeit-Diversity oder eine Raum-Diversity fiir nachfolgende Aussendungen als Antwort auf den Empfang 

des OFDM-Signals venvendet werden sollte; eine Einrichtung zum Senden eines Ruckfuhrungssignals, das 
diese Feststellung anzeigt; vi^obei die OFDM-Signale, die iiber mehrere der Sender ausgesandt werden, fiir die 
Raumdiversity unabhangig voneinander sind und einander fiir die Zeit-Diversity entsprechen. 

2S 2. Vorrichtung nach Anspruch 1 , beider die Einrichtung zur Feststellung ein Steuergerat einschlieilt, das die Feststel- 
lung auf der Grundlage eines Vergleichs einer Kanalbedingung mit einem Schwellenwert trifft, wobei die Kanalbe- 
dingung auf einer Frequenzgang-Kanalmatrix beruht, die von OFDM-Symbolen abgeleltet Ist. 

3. Vorrichtung nach Anspruch 2, bei der die Kanalbedingung auf einer Berechnung eines kleinsten Eigenwertes der 
30 Frequenzgang-Kanalmatrix beruht. 

4. Vorrichtung nach Anspruch 2, bei der die Kanalbedingung auf einer Feststellung des kleinsten Elementes in einer 
Diagonalen der Frequenzgang-Kanalmatrix beruht. 

3S 5. Vorrichtung nach Anspruch 2, bei der die Kanalbedingung ein Verhaltnis der grdliten und kleinsten Eigenwerle der 
Kanalmatrix darstellt.' 

6. Vorrichtung nach Anspruch 2, bei der die Kanalbedingung auf einer von drei Kriterien beruht, die aus einer Gruppe 
ausgewahit sind, die aus einer Berechnung der kleinsten Eigenwerte der Kanalmatrix, einem kleinsten Element in 

40 einer Diagonalen der Kanalmatrix und einem Verhaltnis der groBlen und kleinsten Eigenwerte der Kanalmatrix 

besteht. 

7. Vorrichtung nach Anspruch 2, die weiterhin eine Kanal-Bewertungseinrichtung umfasst, die die Frequenzgang- 
Kanalmatrix bildet. 

45 

8. Vorrichtung nach Anspruch 2, bei der das Steuergerat so konfiguriert ist, dass es die Untertrager in eine von zwei 
Gruppen entsprechend der Kanalbedingung klassifiziert, wobei eine der zwei Gruppen die Zeit-Diversity und die 
andere der zwei Gruppen die Raum-Diversity anzeigt, wobei das Steuergerat weiterhin so konfiguriert ist, dass es 
ein Modulationsschemaaufjedem derklassifizierten Untertrager auf der Grundlage eines bewerteten Verhaltnisses 

so bestimmt, das aus einer weiteren Gruppe ausgewahit ist, die aus einem Trager-zu-Stor- Verhaltnis und einem Signal- 

zu-Rausch-Verhaltnis besteht. 

9. SendevorrichtungzurVenvendung mit einem orthogonalen Frequenzmultiplex-, OFDM-, System, das eine Struktur 
mit mehrfachen Eingangen und mehrfachen Ausgangen, MIMO verwendet, um OFDM-Signale von einer Vielzahl 

55 von Sendem zu einer Vielzahl von Empfangern zu senden, wobei das OFDM-Signal einen OFDM-Rahmen mit einer 

Dauer aufweist, der OFDM-Rahmen-Datenpakete und eine Vielzahl von OFDM-Schlitzen hat, wobei jede der OFDM- 
Schlitze eine Vielzahl von OFDM-Symbolen hat, die eine Vielzahl von Untertragern einschlieBen, wobei die Vor- 
richtung gekennzeichnet ist durch: 



13 



EP1 185 001 B1 



zumindesteinSteuergerat, das so konfiguriertundangeordnet ist, dass es aufein Riickfuhrungssignalanspricht; 
einen KodiererzurZuordnung von Konstellations-Punkten zu den Untertragern entsprechend einer Kanalbe- 
dingung, um auf diese Weise jeden der Untertrager in eine von zwei Gruppen in Abliangiglteit von dem Rljclt- 
fCilinjngssignal zu Idassifizieren, wobei der Kodierer einen Raum-Zeit-Sender-Diversity-, STTD-Kodierer und 
5 einen Raum-IWultiplex-, SM-Kodierer einscliliellt, wobei der STTD-Kodierer so angeordnet ist, dass er die Un- 

tertrager Itodiert, die in einer der Gruppe entsprechend der Zeit-Diversity Itlassifiziert sind, wahrend der SM- 
Kodierer so angeordnet ist, dass er die Untertrager Itodiert, die in der anderen der Gruppe entsprechend der 
Raum-Diversity Itlasslflziert sind, wobei die OFDM-Signale, die uber mehrere der Sender ausgesandt werden, 
fCir die Raum-Diversity unabhangig voneinander sind und fiir die Zeit-Diversity einander entsprechen. 

10 

10. VorriclTtung nach Anspruch 9, bei der das Steuergerat so Itonfiguriert ist, dassesein Modulationsschemaaufjedem 
der Untertrager auf der Grundlage eines bewerteten Verhaitnisses bestimmt, das aus einer weiteren Gruppe aus- 
gew^ahlt ist, die aus einem Trager-zu-Stor-Verhaltnis und einem Signal-zu-Rausch-Verhaltnis besteht. 

'5 11. VorriclTtung zur Venwendung mit einem adaptiven orthogonalen Frequenzmultiplex-, OFDM-, System, das eine 
Strulttur mit mehrfachen Eingangen und mehrfachen Ausgangen, MIMO, venwendet, um OFDM-Signale von einer 
Vielzahl von Sendern zu einer Vielzahl von Empfangern zu senden, wobei das OFDM-Signal einen OFDM-Rahmen 
mit einer Dauer aufweist, der OFDM-Rahmen-Datenpakete und eine Vielzahl von OFDM-Schlitzen aufweist, wobei 
jeder der OFDM-Schlitze eine Vielzahl von OFDM-Symbolen hat, die eine Vielzahl von Untertragern einschlieUen, 

20 wobei die Vorrichtung folgendes umfasst: 

die Empfangsvorrichtung nach Anspruch 1; und 

die Sendevorrichtung nach Anspruch 9, wobei die OFDM-Signale, die iiber mehrfache der Sender ausgesandt 
werden, fiir die Raum-Diversity unabhangig voneinander sind und einanderfiir die Zeit-Diversity entsprechen. 

25 

12. Vorrichtung nach Anspruch 11, bei dem das Steuergerat so konfiguriert ist, dass es ein Modulationsschema auf 
jedem der Untertrager auf der Grundlage eines bewerteten Verhaitnisses bestimmt, das aus einer weiteren Gruppe 
ausgewahit ist, die aus einem Trager-zu-Slor-Verhaltnis und einem Signal-zu-Rausch-Verhaltnis besteht. 

30 13. Vorrichtung nach Anspruch 12, bei der die dem Empfang zugeordneten Steuergerate so konfiguriert sind, dass sie 
eine Berechnung der Eigenwerte von Kanalmatritzen durchfiihren, um eine Feslstellung zu treffen, welche Unter- 
trager die Zeit-Diversity venA^enden sollten, um die Signal-Schwund-Weiterleitungs-Fehlerkorrektur, FEC, wahrend 
einer nachfolgenden Aussendung zu reduzieren, und welche Untertrager die Raum-Diversity zur VergroBerung der 
Rate der DatenCibertragung wahrend der nachfolgenden Aussendung venwenden sollten, 

35 wobei die dem Empfangzugeordneten Steuergerate so konfiguriert sind, dass sie die Feststellung auf der Grundlage 

eines Vergleichs zwischen einem Schwellenwert und zumindest einem von drei Kriterien ausfCihren und die Aus- 
sendung eines Riickfuhrungssignals lenken, die ein Ergebnis der Feststellung anzeigt, wobei zumindest eines der 
Kriterien auf der Berechnung beruht und zumindest ein anderes der Kriterien auf Elemenlon einer Diagonale von 
zumindest einer der Kanalmatritzen beruht. 

40 

14. Vorrichtung nach Anspruch 12, bei der die dem Empfang zugeordneten Steuergerate so konfiguriert sind, dass sie 
die Feststellung auf der Grundlage eines Vergleichs einer Kanalbedingung mit einem Schwellenwert treffen, wobei 
die Kanalbedingung auf einer Frequenzgang-Kanalmatrix beruht, die von OFDM-Symbolen abgeleitet ist. 

45 15. Vorrichtung nach Anspruch 14, bei der die Kanalbedingung eine Berechnung eines kleinsten Eigenwertes der 
Frequenzgang-Kanalmatrix darstellt. 

16. Vorrichtung nach Anspruch 14, bei der die Kanalbedingung eine Feststellung des kleinsten Elemenles in einer 
Diagonale der Frequenzgang-Kanalmatrix darstellt. 

50 

17. Vorrichtung nach Anspruch 14, bei der die Kanalbedingung ein Verhaitnis der grO&ten und kleinsten Eigenwerte 
der Kanalmatrix darstellt. 

18. Vorrichtung nach Anspruch 14, bei der die Kanalbedingung eine von drei Kriterien darstellt, die aus einer Gruppe 
55 ausgewahit sind, die aus einer Berechnung der kleinsten Eigenwerte der Kanalmatrix, einem kleinsten Element in 

einer Diagonale der Kanalmatrix und einem Verhaitnis der grOBten und kleinsten Eigenwerte der Kanalmatrix besteht. 

19. Vorrichtung nach Anspruch 14, die weiterhin eine Kanal-Bewertungseinrichtung umfasst, die die Frequenzgang- 
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Kanalmatrix bildet. 

20. Verfahren zur Verwendung mit einem adaptiven orthogonalen Frequenzmultiplex-, OFDM-, System, das eine Struk- 
tur mit mehrfachen Eingangen und mehrfachen Ausgangen, MIMO, verwendet, urn OFDM-Signale von einerVielzahl 

5 von Sendern zu einer Vielzahl von Empfangern zu senden, wobei das OFDM-Signal einen OFDM-Rahmen mit einer 

Dauer aufweist, der OFDM-Rahmen-Datenpakete und eine Vielzahil von OFDM-Schlitze aufweist, und jeder der 
OFDM-Schlitze eine Vielzahl von OFDM-Symbolenaufweist, die eine Vielzahl von Untertragerneinschliellen, wobei 
das Verfahren durch diefolgenden Schritte gekennzeichnot ist: 

10 Antworten auf den Empfang des OFDM-Signal durch Durchfuhrung einer Feststellung, ob Zeit-Diversity Oder 

Raum-Dlversity fiir nachfolgnde Aussendungen venwendet werden sollte; und 
Senden eines Riickfuhrungssignals, das dieses Feststellung anzeigt, 

wobei die OFDM-Signale, die iiber mehrfache der Sender ausgesandt werden, fijr die Raum-Dlversity unabhangig 
15 voneinander sind und einander fur die Zeit-Diversity entsprechen. 

21 . Verfahren nach Anspruch 20, bei dem die Durchfuhrung der Feststellung auf einem Vergleich einer Kanalbedingung 
mit einem Schwellenwert beruht, wobei die Kanalbedingung auf einer Frequenzgang-Kanalmatrix beruht, die von 
OFDM-Symbolen abgeleitet ist. 

20 

22. Verfahren nach Anspruch 21 , das weiterhin den Schritt der Berechnung eines kleinsten Eigenwertes der Frequenz- 
gang-Kanalmatrix umfasst, wobei die Kanalbedingung auf der Berechnung beruht. 

23. Verfahren nach Anspruch 21 , das weiterhin den Schritt der Bestimmung eines kleinsten Elementes In einer Dlago- 
25 nalen der Frequenzgang-Kanalmatrix umfasst wobei die Kanalbedingung auf der Feststellung beruht. 

24. Verfahren nach Anspruch21,dasweiterhindenSchrittderBerechnung eines VerhaitnissesdergrORten und kleinsten 
Eigenwerlo der Kanalmatrix umfasst, wobei die Kanalbedingung auf dem Verhaltnis beruht. 

30 25. Verfahren nach Anspruch 21 , bei dem die Kanalbedingung auf einer von drei Kriterien beruht, die aus einer Gruppe 
ausgewdhit sind, die aus einer Berechnung der kleinsten Eigenwerte der Kanalmatrix, einem kleinsten Element in 
einer Diagonalen der Kanalmatrix und einem Verhaltnis der grOBten und kleinsten Eigenwerte der Kanalmatrix 
besteht. 

35 26. Verfahren nach Anspruch 20, das weiterhin die Schritte der Klasslflzlerung der Untertrager In zwel Gruppen, wobei 
eine derzwel Gruppen dIeZelt-Dlverslty anzeigt und dieandere derzwel Gruppen die Raum-Dlverslty anzeigt, und 
die Feststellung eines Modulationsschemas auf jedem der klassifizierten Untertrager auf der Grundlage eines be- 
werteten Verhaltnisses umfasst, das aus einer weiteren Gruppe ausgowahit ist, die aus dem Trager-zu-Stor-Ver- 
haitnis und dem Signal-zu-Rausch-Verhaitnis besteht. 

40 

27. Verfahren zur Venwendung mit einem orthogonalen Frequenzmultiplex-, OFDM-, System, das eine Struktur mit 
mehrfachen Eingangen und mehrfachen Ausgangen, MIMO, venA^ndet, um OFDM-Signale von einerVielzahl von 
Sendern zu einer Vielzahl von Empfangern zu senden, wobei das OFDM-Signal einen OFDM-Rahmen mit einer 
Dauer aufweist, der OFDM-Rahmen-Datenpakete und eine Vielzahl von OFDM-Schlitzen aufweist, wobei Jeder der 

45 OFDM-Schlitze eine Vielzahl von OFDM-Symbolen hat, die eine Vielzahl von Untertragern einschlielJen, 

wobei das Verfahren durch die folgenden Schritte gekennzeichnet ist: 

Antworten auf ein Riickfuhrungsslgnai, Anweisen eines Kodlererszu Zuordnung von Konstellatlonspunktenzu 
den Untertragern entsprechend einer Kanalbedingung; Klasslflzleren jedes der Untertrager In eine von zwel 

50 Gruppen entsprechend der vorhergehenden Zuordnung der Konstellatlonspunkte, wobei der Kodlerer so aus- 

geblldet Ist, dass er die Schritte derZelt-Dlversity-Kodlerung der Untertrager, die In einer der Gruppe entspre- 
chend der Zelt-Dlverslty klasslflzlert sind, unter Verwendung eines Raum-Zelt-Sender-Dlverslty-, STTD-Kodle- 
rerundder raumlichen Multiplexierungs-Kodierung der Untertrager, die in der anderen der Gruppen klasslflzlert 
sind, entsprechend derRaum-Diversity unter Venwendung eines Raum-Multiplex-,SM-Kodiererausfuhrt, wobei 

55 die OFDM-Signale, die iiber mehrere der Sender ausgesandt werden, fiir die Raum-Diversity unabhangig 

voneinander sind und einander fiir die Zeit-Diversity entsprechen. 

28. Verfahren nach Anspruch 27, bei der beim Klassifizieren der Untertrager in zwei Gruppen eine der zwei Gruppen 
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die Zeit-Diversity anzeigt und die andere der zwei Gruppen die Raum-Diversity anzelgt, wobei das Verfahren wei- 
terhin den Schritt der Bestimmung eines Modulationsschemas auf jedem der klassifizierten Untertrager auf der 
Grundlage eines abgeschatztenVerhaltnisses umfasst.dasaufeinerweiterenGruppeausgewaiiitist, dieauseinem 
Trager-zu-Stor-Verhaltnis und einem Signal-zu-Rausch-Verhaltnis bestelit. 

5 

29. Verfahren nach Anspruch 20, das weiterhin die Schritte nach Anspruch 27 umfasst. 

30. Verfahren nach Anspruch 29, bei dem der Schritt der Durchfiihrung einer Feststellung, welche Untertrager die Zeit- 
Diversity zur Verringerung der Signalschwund-Vonvartsfehlerkorrektur, FEC, wahrend der nachfolgenden Aussen- 

10 dung verwenden sollten, und welche Untertrager die Raum- Diversity zur Vergrolierung der Rate der Datenubertra- 
gung wahrend der nachfolgenden Aussendung venA^nden sollten, weiterhin eine Berechnung von Eigenwerten der 
Kanalmatritzen umfasst, wobei die Feststellung auf einem Vergleichzwischen einem Schwellenwert und zumindest 
einem von drei Kriterien beruht, wobei zumindest eines der Kriterien auf der Berechnung beruht, zumindest ein 
anderes der Kriterien auf Elementen einer Diagonale von zumindest einer der Kanalmatritzen beruht. 

IS 

31. Verfahren nach Anspruch 29, bei dem der Schritt der Durchfiihrung der Feststellung auf einem Vergleich einer 
Kanalbedingung mit einem Schwellenwert beruht, wobei die Kanalbedingung auf einer Frequenzgang-Kanalmatrix 
beruht, die von OFDM-Symbolen abgeleitet ist. 

20 32. Verfahren nach Anspruch 31 , das weiterhin den Schritt der Berechnung eines kleinsten Eigenwertes der Frequenz- 
gang-Kanalmatrix umfasst, wobei die Kanalbedingung auf der Berechnung beruht. 

33. Verfahren nach Anspruch 31 , das weiterhin den Schritt der Feststellung eines kleinsten Elementes in einer Diagonale 
der Frequenzgang-Kanalmatrix umfasst, wobei die Kanalbedingung auf der Feststellung beruht. 

25 

34. Verfahren nach Anspruch31,dasweiterhindenSchrittderBerechnung eines VerhaitnissesdergrOBten und kleinsten 
Eigenwerte der Kanalmatrix umfasst, 

wobei die Kanalbedingung auf dem Verhaltnis beruht. 

30 35. Verfahren nach Anspruch 31 , das weiterhin das Basieren der Kanalbedingung auf einer von drei Kriterien umfasst, 
die aus einer Gruppe ausgewShlt sind, die aus einer Berechnung der kleinsten Eigenwerte der Kanalmatrix eines 
kleinsten Elementes in einer Diagonale der Kanalmatrix und einem Verhaltnis der grOBten und kleinsten Eigenwerte 
der Kanalmatrix besteht. 

35 36. Verfahren nach Anspruch 29, das weiterhin den Schritt der Feststellung eines Modulationsschemas auf jedem der 
Untertrager auf der Grundlage eines bewerteten Verhaltnisses umfasst, das aus einer weiteren Gruppe ausgewahit 
ist, die auf einem Trager-zu-Stor-Verhaltnis und einem Signal-zu-Rausch-Verhaltnis beruht. 



40 RevQndications 

1. Un recepteur a utiliser avec un multiplexage adaptatif par repartition orthogonale de la frequence - un systeme 
MRFO (OFDM, Orthogonal Frequency Division Multiplex) - qui utilise une entree multiple et une sortie multiple - 
une structure MIMO - pour transmettre des signaux MRFO depuis une plurality d'Smetteurs a une plurality de 
recepteurs, le signal MRFO ayant une frame MRFO de duree, la frame MRFO ayant des paquels de donnees et 
une plurality de parts (slots) MRFO, chaque part MRFO ayant une pluralit6 de symboles MRFO qui incluent une 
pluralite de sous-porteurs, I'appareil etant caracterise par : 

des moyens pour repondre a la reception dusignal MRFO ; des moyens pourdeterminer si la divers ite tempo relle 
50 ou la diversite spatiale devrait etre utilisee pour des transmissions subsequentes en reponse a la reception du 

signal MRFO ; des moyens pour transmettre un signal en retour indiquant cette determination ; les signaux 
MRFO transmis sur une multiplicite des emetteurs etant independants les uns des autres pour la diversite 
spatiale et correspondant les uns aux autres pour la diversite temporelle. 

ss 2. Un appareil selon la revendication 1 dans lequel les moyens de determination incluent un contrdleur qui opere la 
determination bas6e sur une comparaison d'une condition de canal avec un seuil, la condition du canal 6tant bas6e 
sur une matrice de canal de reponse en frequence qui est derivee de symboles MRFO. 
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3. Un appareil selon la revendication 2 dans lequel la condition de canal est basee sur un calcul d'une plus petite 
valeur propre de la matrice de canal de r6ponse en frequence. 

4. Un appareil selon la revendication 2 dans lequel la condition de canal est basee sur une determination d'un plus 
petit 6l6ment dans une diagonale de la matrice de canal de r6ponse en fr6quence. 

5. Un appareil selon la revendication 2 dans lequel la condition de canal reprSsente le rapport de plus grande et de 
plus petite valours propres de la matrice de canal. 

6. Un appareil selon la revendication 2 dans lequel la condition de canal est bas^e sur un de trois criteres choisi dans 
le groupe compose d'un calcul de plus petites valours propres de la matrice de canal, d'un plus petit element dans 
une diagonale de la matrice de canal et du rapport de plus grande et plus petite valeurs propres de la matrice de canal. 

7. Un appareil selon la revendication 2 comprenant en outre un estimateur de canal qui forme la matrice de canal de 
r6ponse en fr6quence. 

8. Un appareil selon la revendication 2 dans lequel le contrfileur est configure pour classer les sous-porteurs dans un 
de deux groupes selon la condition de canal, un des deux groupes etant indicatif de la diversite tempo relle et I'autre 
des deux groupes 6tant indicatif de la diversit6 spatiale, le contrflleur 6tant en outre configure pour determiner un 
schema de modulation sur chacun des sous-porteurs classes, sur la base d'un rapport estime choisi dans un autre 
groupe consistant en un rapport porteur/interferences et un rapport signal/bruit. 

9. Un emetteur a utiliser avec un multiplexage adaptatif par repartition orthogonale de la frequence - un systeme MRFO 
- qui utilise une entr6e multiple et une sortie multiple - une structure MIMO - pour transmettre des signaux MRFO 
depuis une pluralite d'emetteurs a une plurallte de recepteurs, le signal MRFO ayant une frame MRFO de duree, 
la frame MRFO ayant des paquets de donnees et une pluralit6 de parte (slots) MRFO, chaque part MRFO ayant 
une plurality de symboles MRFO qui incluent une plurality de sous-porteurs, I'appareil Stant caract^risi par : 

au moins un confrfileur configure et arrange pour r6pondre A un signal en retour ; un encodeur pour assignor 
des points de constellation a des sous-porteurs selon une condition de canal de fa^on a classer chacun des 
sous-porteurs dans un de deux groupes en r^ponse au signal en retour, I'encodeur incluant un encodeur de 
diversity d'6metteur espace-temps STTD et un encodeur de multiplexage spatial SM, I'encodeur STTD 6tant 
agence pour encoder les sous-porteurs classes dans un des groupes selon la diversite femporelle et I'encodeur 
SM Stant agencS pour encoder les sous-porteurs classes dans I'autre groupe selon la diversity spatiale ; les 
signaux MRFO qui sent transmis sur une multiplicite des emetfeurs sont independants les uns des autres pour 
la diversit6 spatiale et correspondent les uns aux autres pour la diversit6 femporelle. 

1 0. Un appareil selon la revendication 9 dans lequel le cont roleur est configure pour determiner un schema de modulation 
sur chacun des sous-porteurs sur la base d'un rapport estim6 choisi dans un autre groupe consistant en un rapport 
porteur/interferences et un rapport signal/bruit. 

11. Un appareil a utiliser avec un multiplexage en adaptatif par repartition orthogonale de la frequence - un systeme 
MRFO - qui utilise une entr6e multiple et une sortie multiple - une structure MIMO - pour transmettre des signaux 
MRFO depuis une plurality d'emetteurs d une plurality de recepteurs, le signal MRFO ayant une frame MRFO de 
duree, la frame MRFO ayant des paquete de donnees of une pluralite de parts (slote) MRFO, chaque part MRFO 
ayant une plurality de symboles MRFO qui incluent une pluralit6 de sous-porteurs, I'appareil comprenant : 

le recepteur selon la revendication 1, et 

I'emetteur selon la revendication 9 ; dans lequel les signaux MRFO qui sont transmis sur une multiplicite des 
emetteurs sont Independants les uns des autres pour la diversite spatiale et correspondent les uns aux autres 
pour la diversite temporelle. 

12. Un appareil selon la revendication 11 dans lequel lecontroleur est configure pour determiner un schema de modu- 
lation sur chacun des sous-porteurs sur la base d'un rapport estime choisi dans un autre groupe consistant en un 
rapport porteur/interferences et un rapporf signal/bruit. 

1 3. Un appareil selon la revendication 1 2 dans lequel les confroleurs associes a la reception sont configures pour operer 
un calcul des valeurs propres des matrices de canal pour determiner quels sous- porteurs doivent utiliser la diversite 
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temporelle pour reduire la correction d'erreurs sans voie de retour {FonArard Error Correction) FEC sur I'amortisse- 
ment (fading) de signal pendant une transmission subsequente, et quels sous-porteurs doivent utiliser la diversite 
spatiale pour augmenter le taux de transfert de donnees pendant la transmission subsequente, les controleurs 
associes a la reception etant configures pour operer une determination sur la base d'une comparaison entre un 
seuil et au moins un de trois crit6res, et pour diriger la transmission d'un signal en retour indicatif d'un r6sultat de 
la determination, au moins un des criteres etant base sur le calcul, au moins un autre sur le critere base sur des 
SISments d'une diagonale d'au moins une des matrices de canal. 

14. Un appareil selon la revendication 1 2 dans lequel les contrfileurs associ6s d la reception sont configures pour op6rer 
la determination sur la base d'une comparaison d'une condition de canal avec un seuil, la condition de canal 61ant 
basee sur une matrice de canal de reponse en frequence qui est derivee de symboles MRFO. 



15. Un appareil selon la revendication 14 dans lequel la condition de canal represente un calcul d'une plus petite valeur 
propre de la matrice de canal de reponse en frequence. 

16. Un appareil selon la revendication 14 dans lequel la condition de canal represente une determination d'un plus petit 
element dans une diagonale de la matrice de canal de reponse en frequence. 



17. Un appareil selon la revendication 14 dans lequel la condition de canal represente un rapport de grande et plus 
petite valeurs propres de la matrice de canal. 

18. Un appareil selon la revendication 14 dans lequel la condition de canal represente un de trois criteres choisi dans 
un groupe consistant en le calcul d'une plus petite valeur propre de la matrice de canal, d'un plus petit element dans 
une diagonale de la matrice de canal et d'un rapport de plus grande et plus petite valeurs propres de la matrice de 
canal. 



19. Un appareil selon la revendication 14 comprenant en outre un estimateur de canal qui forme la matrice de canal 
de reponse en frequence. 

20. Une methode a utiliser avec un multiplexage adaptatif par repartition orthogonale de la frequence - un systeme 
MRFO - qui utilise une entree multiple et une sortie multiple - une structure MIMO - pour transmettre des signaux 
MRFO depuis une plurality d'6metteurs A une pluralit6 de r6cepteurs, le signal MRFO ayant une frame MRFO de 
duree, la frame MRFO ayant des paquels de donnees et une pluralile de parts (slots) MRFO, chaque part MRFO 
ayant une plurality de symboles MRFO qui incluent une plurality de sous-porteurs, la mSthode Stant caractirisie 
par les etapes de: 

reponse a la reception du signal MRFO en effectuant une determination quant a savoir si la diversite temporelle 
ou la diversite spatiale devrait etre utilisee pour des transmissions subsequentes, et 
transmission d'un signal en retour indicatif de cette determination ; 

les signaux MRFO qui sont transmis sur une multiplicite des emetteurs etant independants les uns des autres 
pour la diversity spatiale et correspondant les uns aux autres pour la diversity temporelle. 



21 . Une m6thode selon la revendication 20 dans laquelle la d6termination est bas6e sur une comparaison d'une condition 
de canal avec un seuil, la condition de canal Stant basSe sur une matrice de canal de reponse en frequence qui est 
derivee de symboles MRFO. 

22. Une methode selon la revendication 21 comprenant en outre I'etape de calcul d'une plus petite valeur propre de la 
matrice de canal de reponse en frequence et basant la condition de canal sur le calcul. 

so 23. Une methode selon la revendication 21 comprenant en outre I'etape de determination d'un plus petit element dans 
une diagonale de la matrice de canal de reponse en frequence et basant la condition de canal sur la determination. 

24. Une methode selon la revendication 21 comprenant en outre I'etape de calcul du rapport de plus grande et plus 
petite valeurs propres de la matrice de canal et basant la condition de canal sur le rapport. 

55 

25. Une m6thode selon la revendication 21 dans laquelle la condition de canal est bas6e sur un de trois crit6res choisi 
dans un groupe consistant en le calcul de plus petites valeurs propres de la matrice de canal, d'un plus petit element 
dans une diagonale de la matrice de canal et d'un rapport de plus grande et plus petite valeurs propres de la matrice 
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de canal. 



26. Une methode selon la revendication 20 comprenant en outre les etapes de classification des sous-porteurs en deux 
groupes, un de ces groupes etant indicatif de la diversite temporelle, et I'autre des deux groupes etant indicatif de 
la diversity spatiale, et de determination d'un schema de modulation sur chacun des sous-porteurs classes sur la 
base d'un rapport estime choisi dans un autre groupe consistant en un rapport porteur/interferences et un rapport 
signal/bruit. 



27. Une methode a utiliser avec un multiplexage adaptatif par repartition orthogonale de la frequence - un systeme 
10 MRFO - qui utilise une entree multiple et une sortie multiple - une structure MIMO - pour transmettre des signaux 

MRFO depuis une pluralite d'emetteurs a une pluralite de recepteurs, le signal MRFO ayant une frame MRFO de 
duree, la frame MRFO ayant des paquets de donn6es et une pluralit6 de parts (slots) MRFO, chaque part MRFO 
ayant une pluralite de symboles MRFO qui incluent une pluralite de sous-porteurs, la methode etant caractorisoe 
par les etapes de: 

IS 

reponse a un signal en retour ; commande a un encodeur d'assigner des points de constellation a des sous- 
porteurs selon une condition de canal ; classement de chacun des sous-porteurs dans un de deux groupes 
selon la precedente assignation des points de constellation, I'encodeur adapte pour effectuer les etapes de 
diversity temporelle encodant les sous-porteurs class6s dans un des groupes selon la diversit6 temporelle A 
20 I'aide d'un encodeurde diversite d'emetleur espace-temps STTD, et de multiplexage spatial encodant les sous- 

porteurs classes dans I'autre groupe selon la diversite spatiale a I'aide d'un un encodeur a multiplexage spatial 
SM ; les signaux MRFO qui sont transmis sur de multiples 6metteurs sent independents les uns des autres 
pour la diversite spatiale et correspondent les uns aux autres pour la diversite temporelle. 

2S 28. Une methode selon la revendication 27 dans laquelle pendant le classement des sous-porteurs en deux groupes, 
un des deux groupes est indicatif de la diversit6 temporelle et I'autre des deux groupes est indicatif de la diversit6 
spatiale ; la methode comprend en outre I'Slape de d^ermination d'un schema de modulation sur chacun des sous- 
porteurs classes, sur la base d'un rapport estime choisi dans un autre groupe consistant en un rapport porteur/ 
interf6rences et un rapport signal/bruit. 

30 

29. Une methode selon la revendication 20 comprenant en outre les stapes de la revendication 27. 

30. Une methode selon la revendication 29 dans laquelle I'elape de determination de quels sous-porteurs doivent utiliser 
la diversity temporelle pour r6duire la correction d'erreurs sans voie de retour (Fonward Error Correction) FEC sur 

35 I'amortissement (fading) de signal pendant une transmission subsequente et quels sous-porteurs doivent utiliser la 

diversite spatiale pour augmenter le taux de transfer! de donn6es pendant la transmission subsequente comprend 
en outre un calcul de valeurs propres de matrices de canal, la determination etant basee sur une comparaison entre 
un seuil et au moins un de trois criteres, au moins un des criteres etant base sur le calcul, au moins un autre sur le 
crit6re bas6 sur des 6l6ments d'une diagonale d'au moins une des matrices de canal. 

40 

31 . Une methode selon la revendication 29 dans laquelle I'Stape de determination est bas^e sur une comparaison d'une 
condition de canal avec un seuil, la condition du canal etant basee sur une matrice de canal de reponse en fi'equence 
qui est d§riv6e de symboles MRFO. 



32. Une methode selon la revendication 31 qui comprend en outre I'etape de calcul d'une plus petite valeur propre de 
la matrice de canal de r6ponse en frequence, et qui base la condition de canal sur ce calcul. 

33. Une methode selon la revendication 31 qui comprend en outre I'etape de determination d'un plus petit element dans 
une diagonale de la matrice de canal de r6ponse en frequence, et qui base la condition de canal sur cette determi- 
nation. 



34. Une methode selon la revendication 31 qui comprend en outre I'etape de calcul d'un rapport de plusgrande et plus 
petite valeurs propres de la matrice de canal, et qui base la condition de canal sur ce rapport. 

55 35. Une methode selon la revendication 31 qui comprend en outre le fait de baser la condition de canal sur un de trois 
criteres dans un groupe compose d'un calcul de plus petites valeurs propres de la matrice de canal, d'un plus petit 
element dans une diagonale de la matrice de canal et d'un rapport de a plus grande et plus petite valeurs propres 
de la matrice de canal. 
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36. Une methode selon la revendication 29 comprenant en outre I'etape de determination d'un schema de modulation 
sur chacun des sous-porteurs sur la base d'un rapport estime choisi dans un autre groupe consistant en un rapport 
porteur/interferences et un rapport signal/bruit. 
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MsoepeieHMe othocmtca, b oSineM cnyMae, k 
nepeflane HH(topMauMM h, b nacTHOCTH, k 
nepeflane MHc|DopMaLiMM nepea Kanan cbssh, 

MSMeHfllOLUMMCfl BO BpeMSHU^ TaKOCi lOK KaHaji 

paflMOCBflSM, HanpMMep, b MacTHOCTH, fln3 

CMCTSMbl paflMOCBflSM C flBM>Ky Li|M M MC3 

o6"beKTaMM. 

flnn 6opb6bl C MCKa>KeHMflMH, BHOCMMblMH 

KaHanoM nepeflaMU, KaK naeeaTHO, npn npnewe 
npoi/i3BOAfiT oneHny SToro Kanana c to4km 
3peHki;i BHOCklMblX MM MCKa>KeHklf^ ki, 

cneflOBaiejibHO, nonpaanniOT dpopM^ 
nonyMBHHbix curHajiOB nepefl tbm, ksk naaneMb 

VisaaHHyio v\ndpopMai\\A\o flnn o6ecne4eHMn no 



MacTHOCTM, B cjiyMas L1M0POBOM nepeAaMU, npi/i 
npwewe npoMSBOflnT oueHKy BpeMeHHoro 
pasBpooa, BHOcuMoro KaHanoM nepeflaMU, i/i 
McnpaBfiflKiT c|3opMy nojiyi-ieHHbix LincfDPQBbix 
cumanoB, BbipaBHUBa^ nx, MTOobi. HacKOJibKO 
3T0 BOSMOJKHO, nonyMMTb curHajibi c HyjieBoPi 
Me>KCMMBonbHoa nowexoii 

HaESCTHO, HTO flufl QcyinacTBneHMfl olishkh 
KaHana nepeflann, hdmumo MHcJaopMai^i/in, 
HasbieaeMoCI nojiesHoC^, nepeaaioT 
MH^iopMai^Mto, HasbisaeMyio mdpopuanv\eiA 
o6yMeHMfi v\m recTOByio HHCpopruiaqMio, KDTopan 
B npoTMBononoKHQCTh npaflbiflyi4siS aapaHsa 
aanoxena b npi/ieMHi/iKe, hto noaBonaer nyrew 
cpaBHeHHH o)KHflaeMoiS MHcjaopMai^MH i/i 
cooTBeTCTBytoineM nonyMeHHoCi HHcfjopMaL^MH 
ocymeoTBHTb TaKyio 0L4eHKy. 

B QinuMMa OT cnyMan KaHana npoBOflHoiS 
CBHSM; rfle OLieHny nponaeoflfiT oAHOKpaiHo b 
Ha^ane nepeflaMU, b cjiynae Kanajia nepeflaMU, 
M3MeH3iciu,erociR BO BpeweHM, HanpoTUB, 
HeoSxoflUMO ocyLi4eoTBnflTb raKyio oneHKy raioKe 
M B xofle nepeflaMU. 

rioaroMy, nanpuMep, a cucreMe i^ncfipoaoki 
paflMOCBflSM c flBi/i>Kyu4MMMCfl oe'beCTaMU, Tuna 

CMCTSM C MHO>KeOTBeHHblM flOCTynOM HyteM 
pacnpeflereHUP bo BpeweHM, raKMivi KaK cucTewa 
GSM (GneL^nanbHaFi rpynna A^fi nQflBH>KHbix 
o6-beKTOB), HanpiriMep, Ka)KflbiiS naKer (njin 
"burst" Ha aHmocaKCOHCKOiui), Bs^iibiE^ b cahom 
M3 BpeMeHHbix HHiepaanoB CTpyKiypbi 
MyjibTunjieKCHoro Kanajia cbs\3v\ c BpsMeHHbiM 
ynjiQTHeHMeM, xapaKiepHoCi flnn aroCi CHCTBMbi, 
cQflppjKMT KpoMe nojiesHot^ MHc^aopwamin uyim 
nepeAa^M cQy^enm. 

HeoGxoflUMO OTMeiHTb, 4to nojiesHoM 
MHct5opMai4MH, noflnawaLnefi nepeflane cucreMoPi 

GSM, □ UMBHHO MHC^OpMai^HOHHblM oBwieH (pSMh 

nnn flaHHbie) mjih CMrHannaai^Mfl, a b cnyHae 
curHajiMsaLiMn - run 
cwrHanHsai^MH, onpeflejiflei k 
norMHecKMM, n hto yKaaaHHaa cipyKiypa 
MynbTunjiaKCHoro KaHana CBaan c BpeMSHHbiM 
ynJiOTHeHMBM BuntOHaeT b flSHHOw cnynae 
ApyryK) cipyKiypy mapa, onpeaerflKiLnyK) 
cnocoS, KOTopbiM (pmmecme KaHanbi 
nepeflaHH (mjih HHTepsajibi speMeHw aroti 
CTpyKTypu Kaflpa (pacrpa)) 

MyjibTi/iniieKcupyioTGB no BpeweHU; npunew 
CTpyKTypbi MyjibTMKaflpa i/i n-inepKaflpa 
onpeflejiaror cnoco6, KaKMM cfjMSMHecKne 
Kanajibi nepeaann pa^fl^J^f^lOTCf^ bo BpeiweHM 
MeiKAy yKaaaHHbiMM paannHHbiMn jiarvineaKHMH 



CreflOBarenbHO, b OMcreMe GSM naKer, 
McnojibsyeMbiM flna nepeaaMU nojie3Hoti 
HHC|:opMamiH, OTHOCfllflUMCfl K fiorMHecKOMy 
KaHajiy - HHOwy, msm oco6bie KaHanw 
cumajinsaLii/in, HasbiBaewibie FCCH ("KaHan 
KoppeKHi/iH 4acTOTbi"), SCH ("KaHaji 



CMHxpoHMsaLiMn") M RACH ("KaHan co 
CnyHaHHbiM flociynoM"), BKntoHaei 26 paspsflOB 
nocneflOBaTenbHOCTn nepeaaHM oQYHema - 
npoTUB 114 paapflflOB noreaHoti HHcjaopMSMHU. 

l/lMSHHO AaHHbli^ 45aKT, B MaCTHOCTM, 

flBnaercfl HeflocTaiKOM - McnonbsoBaHMe 
SHaHHTenbHoii nacTH hctohhmkob nepeflaHH fljia 
nepeflaHM HHcfjopManMM oinnMHoCi or noneahoii 

B ocHOBy HacToninero MaoSpereHMfl 
nonoxeHa sa^a^a MCKTiKy^i/iib BbiLueyKaaaHHbil^ 
HeflpcraTOK MSBecTHbix cucieM m, 
cneflOBarenbHO, nonyMHTb onimvianbHyio 
afJxijeKTHBHCKTb i/icnoJib30BaHnn KaHana 
nepeflaHH i/i, b ocoBeHHOcru, npM Bcex npoHMX 
paBHbix ycnoBMflx, yBejiMMeHMe nonesHoCi 
Harpy3KM, nepeAaBasMOM paccMorpeHHOH 
CMcreMoti nepeflpHM m, Kpowe roro, AoSMTbcn 
yMeHbineHMn 3ana3AbiBaHM3 nepeAann, 
oBecneMMsaeMoi^ yKaaaHHoPi CHCTSMoi^, mjih 
yMeHbiiieHHfl MHTepcfjepeHLiMfl Me>Kfly 
nojibsoBaTejiaMM CMcreMbi 

HacToainee M3D6peTeHMe npMaBaHO, TaKH<e 
cctaopMMpoaaTb cucTSMy nepsAaHM HHtjaopiviamiM 

i^epea KaHan nepeaaMM, n3MeHflioiL|n0cfl bo 

BpeueHM, BbinOJlHeHHyiO C BOSMOXHOCIblO 

nepeflaHH noMMMO nojieanoH kiHCfiopMaL^tii/i 
MH0opMamiio Q6yHaHMn, nooBonflioiiiyio 
ocymecTBHTb npi/i npMeMe oueHKy yKaaahHora 
Kanajia nepeAaHi/i, npHHeM cucTewia OTni/iHaeicH 

TeM, HTO COflepjKMT CpeflPTBa, n03BOJlfllOLHMe 

OMeHHTb, flBJifleicfl nv\ nepeaana MH0opMaMiin 
oByHeHMfl HeoSxoflMMoPi b nnaHS MSMeHeHi/ifi 

yKaaaHHoro icanajia m cpeflciaa flnn nepeflaHH 
MHcfiopMauHH o6yHeHHfl TonbKO B TOM cnynae, 

KOrfla 3T0 OL^BHeHO Kah 
HHCtDOpMaqHfl. 

B flanbHeHLueM H3o6peTeHne n 
onMcaHHew aapnaHroB eio BbinoriHeHHS co 
ccbirKBMH Ha conpoBO>Knaicii^Me HepTe>KM, na 
KOTopbix: 

- ctunr 1 M3o5pa>KaeT npuMep CTpyKiypHoiJi 
cxeMbi CHcreMbi nepeflaHH cxDmacHO 
M3o6peTeHMio; 

- dpv\r. 2 M 3 - B npHMeneHUM k cucTeue 
paflnocBflsn c noflBiDKHbiMn o6-beKTaMM - Tuna 
GSM npi/iMepbi 6jioK-cxeM cooTBercTBeHHO 
nepeflaioineCi annaparypu h npHHHwatoifleCi 
annaparypbi cucTeMu nepeflann comacHO 

M306peTeHMIO. 

Depeflaioii^afl annaparypa CHCTewbi 
nepeflaHH, noKaaaHHOH na ipw. 1 , BKHioHaeT, 



nonesHOH 



cpeflCTBa 1 BbiflaHH 
MH0opMaL^HM, nepeflasaeMoi^ 
CHCTeuoCi B BHAe, aflaniMpoBaHHOM Ana ee 
nepeflaHM yiraaaHHOM cucreMOH, npHHeM 
cpeflCTBa 1 Moryr coflepwaTh, a HacTHOcTM, Ana 
cnynafl CMCTeMbi paflMOCBJisn c flBuxytflUMHca 
o6-beKTaMM, TaKOH KaK CMCTewa GSM, 

- qoeflpiBa McxoAHoro KOflvipoBaHH^, 
cpeflCTBa KanajibHoro KOflnposaHHS h cpeflCTBa 
BbiflaHH aaKOAHpoBaHHoC^ jaoAM oSpaaoM 
MHcjaopMai^HH B cjDopMare, QonocraBUMOM c 
BbnueynoMflHyToPI CTpyCTypofi MyjibTMnjieKCHoro 
Kanana c&nsvi c BpebieHHbitui ynnoTNeHMaM, 

- renepaTop 2 HHcfjopMaLiiiii oByHeHMfi, 

- cpeflOTBa 3 Bbi6opa BHfla HHCf)apMaL|m/i - 
nonesHOM, nonynaeMOH or apemcTB 1 nM6a 

MH0OpMaL;MH 06yHeHH3, CHMMaeMOi^ c 

renepaTopa 2, ynpaBnaeworo laKTOBbiM 
renepaTopoM 4 b cooTBercTBHH co cipyKrypoH 
MynbTMnjieKCHoro Kanana CBRan c BpeMeHHbiM 
yniioTHeHMeM b yKaaaHHOM npHMepe 
BbinonneHHn, 
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MOflyn3Top 5, coeflMHeHHbiM c 
nepeflaicmeM aHTSHHOM 6 m npMHMMaioLUKCi 
MHCpopMaL^nto, BbiflaeaeMyic cpeflCTsaMU 3. 

□pneMHafl annaparypa cucreMbi nepeflaHU, 
noKasaHHoK Ha cjDMr. 1, BicrtoHasT lahOKe: 

- cpeflCTBa flewoflyjifmHM 7, coeflUHeHHbie c 
npMeMHoPi aHieHHoH 8 n emioHatoLLine b flaHHOM 
cnyMae cpeflCTBa [He noKasaHHhie Ha HepTe>Ke) 
fln3 OL^eHKM KSHana nepeflann (b flaHHOM cny4ae 
Kanana paflnocBfl3i/i) na ochobs nojiy>-ieHHOM 
MHc|3opuaL;kiii o6y^ems^ v\ KoppeKTkipoBKki 
cooTBeicTBytoinnx nojiy^eHHbK onrHajioB, 
Heoymux nojiesHyio MHc|DopMaiJinio, npMMBM b 
saBucuMOCTM OT STOM oqeHKi/i vKaaaHHbie 
cpeflCTBa 7 fleMCTsyhOT nofl ynpaaneHneM 
TaicroBoro reHepaiopa (cnHxporeHepaiopa) 9 b 

COOTBeTCTBMM 03 CTpyKTypOM MyjlbTMnJieKCHOrO 

Kanana capan c BpeiuieHHbiM ynnoTHeHMeM b 
ynoMUHasMOM npMMepe npHMBHeHMH, 

- CpeflCTBa 10. nojiy^aiouMe MHctopMaunio, 
BbiflaeaeMyK) cpeACTBawn aewioaymixm 7. m 
BbinojiHaioiuMe ctDyHKL|HK), npoTHBononoKHyK) 
cfiyHKi^nM, QcymacTanfleMoSi npn nepeflaMS 

CpeflCTBaMM 1. 

CornacHO naoSpeTeHmo cucTeMa 
AonojiHUTejibHO BKnKi4aeT: 

- cpeflCTBa 11 oqeHKH Heo6xofl>iMOCTi/i 
HHC^aopMamiii oByMeHHfl a njiana MaMeHenufi 
KaHana nepe^a^M, 

- cpeflCTBa 12 nepeflaHH HHcfjapMaL^MM 
o6y4eHi/ifl npm HajiMHMM HeoexoflUMOCTH b 
yKasaHHOki KiHctJopiviauiihi. 

CpSflCTBa 1 1 B CQOTBeTCTBMM C BapHaHTOM 

no c|3nr. 1 BunioHaioT: 

- cpeflCTBa 13 OL^eHKki Ka^ecTBa nepeAa^ki 

Hepes cucTSMy, 

- cpeflCTBa 14 oSnapyjKeHMfl yxyflUJeHHfl 

KaMecTDa nepeflaMW, □[^eiiGiinoii tgkum o5pa30M, 

- cpeflciBa 12 iiepeflaHn UHLfiapMaL^MH 
o6yHeHMn npn HanwHUM yxyflUjeHUfi KaMecTBa 
nepeaaMM. 

B noKaaaHHOM npuMepe peannsamwn 
cpeflCTBa 12 flono/iHurenbHO noaBonnioT 
nepeflasaTb najiesnyio HHcfiopMaMMio bmbcto 
MH4]opMaL^i/i^ o6y'^eMm, Korfla nepeAa^a 
VKaaaHHoPI HHcjsopMauuM He npM3HaHa 
HeoexoflHMoCi, T.e. b flaHHOM cnynae npn 
OTcyTcn-BUM yxyfliueHHn Ka^ecTaa nepeflaMU 

yioaaHHbie cpeflOTsa 12 npeflOTaBneHbi na 
dpur. 1 KOMMyTaiopoM, nojiy^aioiflMM, c oflHoPi 
CTopoHbi, nojie3nyio MHClDOpMamdlO, 

BbiflasaeMyK) cpeflCTBaMM 1 , c flpyraPi cropoHbi, 
MHc|3opMai^nK) o6yHeHHfl, BbiflaBaewyio 
renepaiopoM 2, npunew yKaaaHHbiCi KOMwyTaTop 
ynpaBfiiieTCfl CMrnajioM CI, CHUMaeMbiM b 
flaHHOM cjiynae c SjiOKa 14 KOHTpojin 
yxyflujenna KanecTsa nepeflaHM m 
npoKfiaflhiEaioLUMM waptypyT ot npMHHMaiciinei?i 
annaparypbi k nepeflaioifleM annapaType nepea 
KaHan, naabiBaeMbiCi KaHanoM soaBpaTa. Kanaji 
BOSBpaTa npeflCTaBJieH KaHanoM paflMOCBflsi/i ki 
MCSKST npoxoflMTb, HanpMMep, B cnynae 
flByxnanpaBneHHoi^ ci/icTaMbi, no flpyroMy 
HanpaBJieHnio CMCTeryibi. 

B noKaaaHHOM npMMepe, corjiacHO KOTopoMy 
noneanan MHc|DopMa4Ma mokbt 6biTb nepeflana 
BMecTo MHct)opMai4nn oeyneHUfi, cpeflCTBa 
fleMaflynni^nn 7 raione cjayHKMHOHHpyHST nofl 
ynpasneHneM ynpaeraioiflera CMmajia G2, 
yraabiBaHDinero, naxoflHTCfl mjim hst noneaHas 
MHct)opMaun3 Ha MecTe MHctopMaunn oey^eHMfi, 
npmeu yKaaannbiti cuman C2 wojKeT, 
Hanpnwep, 5biTb nony^en ksk cneiinanbHbiii 
6noK HHct)DpMaL4Hi/i, BBOflUMoCi c nepeflaHeCi. 
flpyrkie npmviepbi nonyHBHUfl curHajia C2 6yflyT 



npneefleHbi HM>Ke. 

Oi^eHKa KanecTBa nepeflaHM, o KOTopoti iiiJia 
pesb BbiLue, MQjKei Bbiib nonyneHa paaniiHHbiMH 
MSBecTHbiMn cnocaOaMH. HanpuMep b 
peaynbTaTe 

- ou,enm OTHOLueHUfl CMmaji/ujyM mjim 
OTHOLueHun cnrHan/MHTep(tiepeHi4Mfi, 

- OL^eHKM K03Ct3C|3HmieHTa flBOMHHOM OUJMBKM, 

- aHajinaa xapaKTepucTHK, oi^eHeHHbix 
KaHSJioM nepeflann, 

- aHaiiMaa flaHHbix, xapaKTepi^ayioLi^MX 
Ka^ecTBO n BbipaSaTbiBaewbix cpeflCTBawn 
flBMQflyjinmiH B cnyMae, Korp^ yioaaHHbie 
cpeflCTBa Bbiq^tOT pp» Kajicfloro nonyHSHHoro 

CHMBOJia HI/lcjjpOBOM MHC|30pMaL^MH. HOMMMO 

SHa^eHMfl, onpeflejieHHoro fljia flanHoro 
CHMBOJia, anaHeHMe KaHecTsafleMOflynauMn nnn 

flQCTQBepHQCTM, CBflaaHHOe C flaHHOfi 
BejlMHMHOM {aHajlOrVIHHO MSBeCTHOMy 

aHfnuficKOMy TepMMHy "soft-decision" 
"warKoe peiueHne"), 

- ananwaa nosefleHMS anropMTMa cne>KeHMfl 
BhipaBHHBaiOLL(ero ycTpaiicTBa b cnynae cpeflcxB 
fleMOflynflLiMM, BioiioHaioinMX BbipaahUBaioii^ee 
ycTpoflcTBO, HasbiBaeMoe ycTpoPcTBOM 
cne>KeHMfl: ecnn CMrnaji oluh6ki/i, KOTopbiCi 
oSbi^Ho sacTasn^ieT anropnTM cxofli4TbC!i, 

CTaHDBMTOfl CnMLUKOM BOJlhlUHM, TO STO BSflST K 

TOMy, MTO Kanaji censH HapyiuaeTcs, 

- McnonbaoBaHne necKOJibKHX i/ia yKaaaHHbix 

flefiCTBMM OflHOBpeMSHHO. 

Ha dpvir. 1 noKasanbi BbiiuenpMBefleHHbie 
BapHaHThi, nocKQjihKy HH^opMaL^Hn, 
Heo6xoflMMafl flnn peanHsai^i/ii/i yKaaaHHOH 
OMeHKi/i cpeflpTBaMi/i 13, MoiKer 6biTb 
cocTaBJiena jimSo m3 CHrnaJioB, npHMenjieMbix 
CO CpeflCTBaMM fleMOflyjiJ^MM 7, JinSo na 
MH4)opMaL^HH, Bbipa6aTbiBaeMoii y^aaaHHbiMn 
CpeflCTBaMM flieMOflyjinnHH 7, jiHea H3 
MHctJopMai^MM, BbiAaeaeMoi^ cpeflCTBaMM 10 

CyifleCTSyeT B03M0>KH0CTb npOBOflMTb 
OLjeH^/ KOa^JCj^kmMeHTa flBOMHHOi^ oujmBkm b 

OTcyTGTBue nepeflaHM MHCfopMannM oSyHeHMn 
Ha nojiesHoi^ HHctopMaMMM b cnynae, Korfla 
cpeflCTBa 1 BKnioHafOT KananbHoe KcnMpoBan^e, 
npM Mcnanb30BaHMH oflHoro mjim HecKonbKHX 
cpeflCTB aai^MTbi or oium6ok nepeflaHM. 

CymecTByeT TaioKe BoaMOWHOCTb no MToraiui 
noflCMeia KoacficjDMLiMeHTa flBoi/iHHOM olumBkh 
nepsflaTb b nacTb CBoSoflHoro ot MHcJiopMaL^MM 
oeyneHMJi npocTpaHCTsa (npoMe>KyTKa) 
Henojieanyio m MaBecTnyio aapanee 
MHCpopMai^mo npMHMMaioinero ycTpoMCTBa. 
TaKa;i MHcjDopMai^Mfl Moma Gbi 6biTb 
flcnonhHTejibHO ncnojibsoBana c i^ejibHD 
BoeMeHHc;i cmxpoHMaaL|HM npMHUMaicineM 
airapaiypbi lepeflahoiiisM annaparypoM. 

Co"nacHO flpyroMy npuMspy EbinojiHSHMfl 
OMeHKa xapaKiepa nepeflann MHcfjopMauMH 
oGyHeHMfl (HeoGxoflMMa mjim hct) Moriia 6bi 
SbiTb psayjibTaTOM npeflBapiiTejibHoro MsyneH^fl 
ycnoBni?i pacnpocTpaneHMn b paccMOTpehHOM 
KSHSJie nepsflaHLi. 

CpeflCTBa^ OMeHMBaioiiii/ie neoSxoflviMcxjTb 
J0& MJIM MHoa nepeflaHM, Mornn 6bi b stom 
cjiyMae BKnio^aTb, HanpMwep, cpeflCTBa, 
no3B0JiflK)iflMe onpeflejii/iTb, mctsk jim hjim h©t 
onpefleneHHbiti cpon or noaneflHeii nepeflaHM 
MHCpopwiaLiMM oGyneHMfl (npMHeM yuaaaHHbiCi 
cpoK onpeflBJieH bo apsMa yraaaHHoro 
noeflBapriTenbHoro nsyHeHM^) 

5 flarbi-eMLiieM 6yfleT onucan co ccbiJiKaMM 
Ha 4^Mr. 2 M 3, unjifocTpMpyfOLUMMH 
cooTBeTCTBGHHO nspeflaHDinee o6opyflOBaHMe n 
npMHMMaioinee oSopyflosaHMe, npMMep 
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npuMSHeHna HacToai^ero M3o6peTeHHfl b 

CHCTSMe paflHOCBflSM C nOflBM>KHblMH 

o6"beKTaMM, Tuna GSM 

06opyflOBaHne ftnn nepeflaMU^ noKaaaHHoe 
Ha c|DMr, 2, BKTtoHaeT cpeflCTea flna BbiAaMU 
nonesHoi^ MHcfjopMaL^MM^ OTHOcaiiieiScfl k 
Ka>KflOMy TMny nornHecKoro KaHcUia, 
nepeflasaeMOM yKaaaHHbiMn nepeflatoinnMH 
cpeflCTBaMM B cjaopMS, aflanTupoBaHHOM flns 
nepeflSHW stoCi cwcTeMOM. 

flnn ynpoineHUfl noKasaHbi TOJibKO cpeflCTsa 

CfXJpMUpOBaHMfl nOJie3H0S>i HHCjDOpMaMUM, 

OTHOCRLi|ePicn K o^HOMy vs, yKasaHHbix 
jiorMHecKMX lOHajioB, npn gtom APVrMe 
flBJiaioTCfl nonoSHbJMM, a aco6bie KaHa/iu 
curHajiMsaiiuM, HasbiBaeMbie FCCH, SCH n 
RACH; KaK 6biJio yrasaHO Bbiiue, He 
sarparMBaioTCFi. 

yioaaHHbie cpe^cTBa c()opMiipoBaHki;i 
BunioHaioT nasecTHbiM cnocoGoM 

CKOMnoHOBaHHbie: 

- ncxoflHoe KOflnpyioLnee ycrpoPicTBO 15, 
Bbiflaioii^ee MHcfjopMamiQHHhis oetenThi, 
HasbiBaeubie Qjiokbmii cuMBonoB, 

- KanajibHoe KonHpyioinee ycipoRcTBO 16, 
BbiAaioLi^ee saKOAiipoBaHHbie 6jiokm o^mbojiob 
Ann saiAtiTbi or oiuii6oK nepeflaHM, 

- cpaflCTBa MepQAOBaHMn (nepaMefKeHMfi) 17, 
nosBOJifltoiAne HepeflOBarb 6nTbi 

SaKDflHpOBaHHblX 6J10KOB, HOJiyHeHMblX TaKUM 

o6pa30M, 4Toebi ABKoppejiMpoBaTb yKasaHHbie 
0LiJn6Kii nepeaaHM, 

- cpeACTEa KaaHTOEaHwa 18, noaBonntoiniia 

KoaHTOBaTb Bnonn, BbiflaBaewbie cpeflpiaaMU 
17, E cy66ji0KH npeAHaanaMeHMbie Ann 
pacnpeAejieHi/i3 MejKfly HecKOJibKMMM 
nocneflOBaTejibHbiMM naKeraMU 

CybfjjioKii ubi^iauaeMbie GpeflCTBaMU 
KBaiiiouaiMsi 18 iiMfciQ cpeAcrBawn 
KBaHTOBBHUfl, BxoAaLUMMM B cocTaB cpeACTE 

CtDOpMUpoeaHMfl, OTHOCfUHMXCa K flpyPHM 

norMHecKMM KanaraM, yniioTHShOTca 
MynbTMnrieKcopoM 19 o ne noresHoti 

MHCtopMaL^HeiS H, B HaCTHOCTH, c 

nocneAOBarenbHOCTbio nepeAani/i oSyneh^ji, 
BbiflasaeMofi renepaTopoM 
nocneAOBaTejibHOCTH nepeASHU oSyHeHMfl 20, 
Ann noriyHeHiifl HHtJjopMaL^HOHHbix oBteicroB 
nepeflaHM, HaabiBaewbix naKeraMi/i npi/iMSM 
yKaaaHHbie naKeibi pasMeineHbi b yKaaaHHbix 
ct)M3HMecKMX KBHanax nepefla'^M, raiopbie \m 
npeAocraBreHbi flna ocyinecTEneHMS flaHHofi 

BbiOopica Me>iffly cyGBnoKaMU, 

BbiAaBaeMbiMn cpeflCTEaMM KBaHTOBaHna 18, 

OTH0C3LilMMWC3 K flOrklHeCKOMy KaHafiy, l/lflM 

cyeSiioKaMM, BbiAaBaeMbiMM cpeACTBaMU 

KEaHTOEaHMfl, OTHOCfllHHMMCn K ApyfUM 

jiornHecKMM nananaM, BbinojiHseTca flpyrnw 
ynjioTHHTBJibHbiM ycTpoRcTBOM 21, npuHewi 
yKaaaHHbie ABa ycipoHCTBa ynnoTHeHMfl 19 m 21 
ynpaennioTCfl laiaoBbiM reHepaiopoM 22 b 
CQOTBeTCTBHi/i c yKaaaHHofl crpyifrypoiS 
MyjibTi/injieKCHoro Kanajia cbhsm c speMenHbiM 
ymioTHeHMeM. 

naKSTbl, MCXOAfllMHe WS, MHO>Kl/1TeJlbHOrO 

ycrpoPicTBa 19, Ann nx nepeaaHH b 
paccMarpi/iBaeMbiCi Kanaii nepe^aniii 

npHMeHflKTCH C MOflyjlflTOpOM 23, COeflHHeHHbIM 

c npHSMHoti aHTeHHoti 24. 

CornacHO CMCieMbi GSM 6jiok, 
OTH0C3LiiMPicfi K ApyroMy KaHany, oinHHHOMy or 
oco6bix KaHanoB CMrHajinaaL|HM, HaabieaeMbix 
FCCH, SCH n RACH, 3aK0fl)/ipoBaHHbiM Ans 
saiuMTbi OT olumBok nepeAaMU, coAep>KMT 456 



6MT0B M naKer ooflep>KHT 57 nonesHbix 6mtob 
KaxflbiPi, paaflejieHHbie nocneAOBaienbHOCTbK) 
nepejiaHH o6yHeHM3 - 2S 6iitob. 114 nojiesHbix 
fjnTOB naneia oBpaaoBaHbi AononHHTenbHO b 
cooTBeicTSHi^ c CMTyaLiMei:^, i.e. cornacHO Tuny 
jioraweoKoro Kanana^ npHMSM oamh mjim 
HecKOfibKO cy65jioKOB npuHaflnejKar OAHOMy 

MJIM HeCKOnbKMM nOCneflQBaTBJlbHblM 6j1QKaM, 

OTHOcjiiii^iwca K flaHHOMy nornMecKOMy KaHany, 
npM4eM yKaaaHHbie cy66noKM mmgiot atis 
yKaaaHHoro Jiorn<^ecKoro Kanajia onpeAeiieHHyio 
flnMHy, HaabisaeMyto b flaHHOM cnyMae 



ComacHO M3o6peTeHi/iio b npmuiepe, 
npusefleHHOM Ha 4)Mr. 2 n 3, comacHO KOfTopowy 
McnojibayioT npocrpaHCTBO, ocraBJieHHoe 
CBo6oflHbiM aa cner OTcyTCTBHS 
nocneflOBaTenbHOCT^ nepeflaMM Q6y4eHMfl Ann 
nepeflaHM noneaHoCi MHcj30pMaL[HM, flnnHa 
cySenoKOB, BbiAaBaeMbix cpeACTBaMU 

KBaHTOBaHMfl, TaKHMH KaK 0603HaMeHHbie 

no3ML4M9M 18, PBJiqeTCP naweHqeMoti 

C 9TOM L(ejibic yKaaaHHbia cpeflOTBa 
KBaHToaaHun npuHMwahOT ynpaBnaioinMCi onrHan, 
o6o3HaMaeMbiCS C3, CHUMaeMbiPi c Bnora 
ynpaBJieHMfi 25, b cbdhd o^epeAb 
npMHUMaioinero ynpaanaiOLi^MM ci/irHan HajiMMMfl 
MHM QTCyTCTBMfl nocneAOBaTejibHOCTH 
oeyHSHUfl, comacHO (}3nr. 1, 01. 

RoneaHafl i/iHc|3opMaqnfl, nepeflaBaewafl b 
ocraaneHHoe cBoBoAHoe npocTpancTBO 
(npohfie»<yTOK) b 0M3iiHecKOM KaHajie nepeAann 
BBMfly OTcyTCTBMfi Q6y4aioti^afl 
nacneflosaTejibHacT^, mojkbt GbiTb canaaHa c 
TCM >Ke caMbiM JiornMecKUM Kananov, mo n 
Kanaji, saHUMaioinMC^ ocTaroK yKaaaHHoro 
c{)M3HHecmro Kahana mjih c flpyruM normecKUM 



B cnynae, Korfla yioaaHHan i^Ht^jopMaLinfl 
CBHsana c rew xe caMbiM nornMecKUM KananoM, 
HTO n Kana/i, saHMwaioLUMt^ ocraroK 
ynoMHHaeMoro c|:M3MHecKoro Kana/ia, AnMHa 
cy66/ioKOB OT cpeACTB KBaHToaaHMfi; raKMX kbk 

18, MOMBT GblTb BbltUe yKaSaHHOiS HOMMHanbHOiS 

AnHHbi. B 3T0M cnynae ngpsAana nonnoro 6noKa 
MOJKei noTpeCoBaTb weHbiue naKeioB, MeM b 
cnynae, mrAa yraaaHHbie cyeSjioKH HfuietoT 
no-npe>KHeMy yKaaaHHyio HOMUHanbHyio Annny, 
MTQ flaer B03M0>KHbiCi Bbinrpbiiu BQ speMenn 
nepefla^M. 

B cnyMae nepeflai^M peMM He yflaercs 
nojiynnTb b nonnoM oeteMe raKoCi Bbinrpbiiu bo 
BpeMGHM nepeflaHM, t k npM npHSMe peneeafl 

MHC|30pMaLlHfl flOJlXWa 6blTb BOCCQ3fl3Ha c 

nocToaHHbiM fleCnTOM. 

OAHaKO B cnyMae nepeAann peHi/i mo>kho 
HacTUHHO nonyHMTb Bbinrpbim bo speMeni^ 
nepeflaHM (npn ycroBUL^, 4to yKaaaHHbie flaHHbie 
He TpeGyiOT nepeAann b pe>KMMe Ljenn 
(KOHiypa), b 3TMX oecTOflTejibcrrBax chobb 
nonaiAatoT b ly >Ke caMyio CMTyaqmo, KOTopan 
pacoMaipHBanacb Bbiiue, koto P©Hb imia o 
nepeflaHS peHH). 

OflfHaKO, noMMMO Toro, htd oh mo»<bt 6blTb 
ueneH caw no ce6e, TaraW BbMrpbiiu bo 
BpeueHM nepeAa^M AononHMrejibHO nosBonneT 
yMQHbiiJiiTb BpeMfl aaHfiTOCTM Kanajia 
paflj/ionepeAaMM, a cneflpBarejibHO, pucK 
BoaHMKHOBeHi/ifl MHTepcjaepeHHnCi c flpyrnMH 
nonbaoBaienflMM. 

ripOCTpaHCTBO, OCTaBfieHHOe CB060AHblM 

BHyrpH cpMSHHecKoro Kanana nepeaaHM H3-3a 
OTcyTGTEnn o5yHaHDU4eii nocjieAOBaTenbHoc™, 
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saHMMaioLi^ero ocTaroK cfjHSMHecKoro Kanana, 
OTCiofla - yeennHeHMe nonesHOH HarpysKW, 
nepeflaBaeMQfi cmct9mom. 

HanpuMep, b cnynae, Korfla nornMeGKnii 
KaHan, saHUMaioLi^Mi^ ocTaioK yKaaaHHoro 
0M3M4ecKoro KaHana, SBJineTCfl KanajioM 
Tpact^nKa (o6MeHa), penb MO>KeT math o KSHane 
curHajiMsaLiMn nnn flpyrow Ksnane rpa^nKa 
(MHcj3opMaL|noHHoro oBwieHa). 3tot ppytovi 
KaHaji TpacfJ^Ka MO}KeT 6biTb npeflocTaBJieH Ana 
Toro xe Bkioa cb;i3i^, kbk v\ npeAbiflyuiMPi, v\nvi 
flnn flpyroro BMfla CBflsn. 

B c/iyqae, HanpuMsp, flayx tskhx cucreM 
CBfl3w^ Korfla fleMCTBVKiT flse paaiiMHHbie 
nepeflBLi>KHbie ciaHLiMii v\ OAHa m la >Ke Baaoeaa 
craHLinfl, B KOTOpoPi paawemeHa 
paccMarpuBaeMaq nepeflaNDLnaa annaparypa, 
flonycKaioT, HanpuMep, Ann HucxoflfiLi^ero 
HanpaeneHUfl (a nweHHO ot yicaaaHHoPi oaaoBoCi 
craHLiuM K nepeflBM>KHbiM craHLinjiM). hto 
nepeflBM>KHaa CTaHL|H5i, BKJUOHeHHas b 
yraaaHHyto Apyryio CBfl3b, npeAsapiiTejibHO 
6bma npeAynpe>KAeHa 06 stom CBfian e flaHHOM 
cny4ae Mspea naHan curHannsai^i/in, 
HasbieaeMbiC* PCH ("KaHan DoncKOBoro 
Bbiaosa"). 

Bbl6op Me^Kny paanklMHblMM B03MO)KHOCTf1MI>1 

HcnoJibaoBaHMq npocTpaHCTsa (npoMaJKyiKa), 
ocTaaneHHoro CBoGoflfHbiM M3-3a aToyTCTBHH 
oeynaioiMeti nocneaoBaTenbHocTn, 
ocymecTBiifleTCfl cxeMOM ynpaBJieHun 25 no 
npeABapHiejibHO ycTaHOBJieHHbiM KpviTepum. 
KOTopya aaBMCfiT ot npHMaHBHi/iq, 
ocyLnecTBJineMoro paccMaTpuBaeiuioCi CHCTeMoii 
nepefla^M, ]a He Bce pacKpbiibi b ashhom 
onucaHUM. 

flaHHaji cxeMa (uenb) ynpaBJieHHfl 25 

AononHHTanbHO BbipaOaTbiBaei raKOM airHan, 
Kaic G3, npeflnasHa'HeHHbM ppa cpeAcre 
KBaHTOBaHUfl, TBKMX KSK 18, cumajibi 

ynpaBneHMfl, o6o3Ha'^SHHbie C4 n C5, 
npeflHasHaneNHbie cooTBeTCTBeHHO pf^a 
MHOKMTe/ihHoro ycrpoCicTBa 19 ii 
MHOSKMienbHoro yorpoticTBa 21. 

C L^enbio iiHc|)opMMpoBaHiifl c noMoii^bio 
MHO)KMTejibHoro ycTpoHoTBa 19 npneiwHoM 
annaparypbi, npMHMMaromeM noflnoTOBJieHHbie 
TaKMM oSpaaoM naKeibr coAep>tfHT jim 
nojiyHeHHbifi naKer nocneflOBaTeribHOCTb 
o6yMeHi/ifi, B yKa3aHHoe MHO>KMTejibHoe 
yoTpoPicTBO 19 MOJKei TaKxe 6biTb BBeflen 
ABOHMHbiPi oneMeHT wnn "cjDJiar", o6o3HaLieHHbiCi 
F, B HaMajia naKera, npwMeM yicaaaHHUii 
ABOMHHbiM ajieweHT coxpaHseTca c Toti )i<e 
MHflMKaL^MeW, a ere BennMUHa, nanpuMep, 
aaflaeicfl cxeMow ynpaBJieHns 25. 

B cnynae, KorAa nocneAOBarejibHOCTb 
o6yMeHHfl aBTOMarnMecKH BHOBb nepeflaercfl 
nocne ncTeMeHna onpeAejiehhoro cpoKa, Tasan 
MHAMKaMMfl MOKer He 6biTb oGflsarejibHOM. 

l/lHAMKai^klfl, OTHOCflU^aJICfl K npi/ICyTCTBMIO 

HJin OTcyicTBHio nocjieflOBaTaribHOCTH 
o6yMaHiiF, Moma 6bi b BbiLuenpeAycMOTpeHHOM 
cnynae nepeA^HH He nojiesHoti MHc|»pMaL|HM n 
MSBecTHoPi sapanee ot npneMHoPI annapaiypw b 
HacTb npocrpaHCTBa, ocraaneHHoro cboSoahnm 
H3-3a OTcyTCTBHfl nocneflOBaTenbHOCTH 
oByHeHMfl, asnflTbca peaynbTSTOM KoppenflL|HM b 
npnewHOM ycrpoficTBe, npoMsaefleHHOM Me>i<fly 
SToHi HHcfjopManMefl n cooTBeTCTsyioLneC^ 
nonyneHHOM MHttJopMaLineti. 

VKasaHHafi He nonesHaa MHcfiopMaLiHfl, 
nepeflaHHan laKUM o6pa30M, Morna 5bi b 
AanbHGMLueM 6biTb onpefleneHa c tbm, HToSbi 
pesyjibiaT raKoi^ KoppennqHi/i 6bm mbtko 



BdflejisH, E oeayjibTare 4ero yKasaHHaa 
Kcoperfiu,nfl BbirorHfinacb Ha ocHOEe yKasaHHoti 
MHcfDopMaLinH mv\ MHCpOpMaLinM, BsmoiA Ha 
nocneflOBaTenbHOCTM o6yHenm. 

C TeM, MTo6bi npHHMMatoLi^ewy ycrpoi^cTEy, 
nojiyHaioLi^eMy naKSTbi, noAroroBJieHHbie ramM 

OSpaSOM MHO>KMTenbHblM yCTpOllCTBOM 19, flaTb 

BOSMOJKHDCTb 3HaTb B cjiy-iae, Korfla 
nonyHeHHbiiii naiier ne caAepjum 
nocneAOBaTejibHOCTH oSyHGHi/iH nnn Korfla 
nonesHan i/iHctopMauMfl paaMei^eHa BuecTO 
3ToCi nocneAoaaTejibHOCTM oSyMeHMfl, npupoay 
jionmecKDro KSHajia, saHi/iwaioiAem b stom 
cnynae npocrpaHcrBQ, ocTasjieHHoe CBoBoflHbiM 
M3-3a OTcyTCTBi/in nocneAPBaTejibHocTM 
oSy^eHMfl - B MHOJKMTenbHoe yoTpoMcTBO 19 

MO)KHO BBeCTll HSCKOJlbKO ABOHMHblX SneMeHTOM 

MJiM "ruieTOK", o6o3Ha4eHHbix E, b HaMane 
ykasaHHoro yarpoMCTBa, npMHeM yuaaaHHbie 
ABOMMHbie 3neMeHTbi ooxpaHflioTCfi c TaKoR >Ke 
MHAMKaLinePi, a nx seriM^MHa, nanpuMep, TaK>Ke 
saflaeicfl cxeMoPi ynpaeneHMn 25. 

□pneMHoe oBopyflOBaHMS, noKaaaHHoe na 
cpur 3, CQOTseTCTByeT - b icaneaTBe npuMepa - 
cny^aio, KorAa HHcjDopMaMMfl "cjD/iara" F n 
"MBTm" E BBefleHa b nepeAany m BKnK)>^aeT na 
BbixoAe M3 AeMOAynflTopa 30, coeflkiHeHHoro c 
npuHMMaioineii aHTeHHoii 31: 

- cpeflCTBa 32 Ann usaneHeHi/iH SuHapHoro 
sjieweHTa mhh "cjanara" F, 

- KOMMyiaTop 33, ynpaBJineMbiCi ABOkWHbiM 
sjieMeHTOM F, ppn nepeicnioHeHMfl MMcfipoBbix 
cwrHajioB, iAff/u\m ot flSMOflynfiTopa 30 m 
cooTBercTByiOLi^nx nony-ieHHoii HHCpopMaL^i/iH, 

MMHyC ABOMMHblt^ 3JieMeHT F BblSpaHHblX 

cpeflCTBaMU 32 flnn cpeACTB BbipaBHUsaHna 34 
MJiM npflMO B crynae OTcyrcTBHfi 
nocJieflOBaTenbHOCM oByMehtiH wm Mepea 
cpeflCTBa 35 MSBXieHeHun nopaflKa noiviaHA 
oSyHeHMS B cny^ae npucyTCTBMa 
nocjieAOBaTeribHOCTM o6y4eHnfl, 

- CpeflCTBa 36 oijeHKM Kanara nepeflaHM, 
ABMCTByioiAne, HaMUHan or 
nocneflOBaTejibHOCTH o6yHeHi/ifl, naaneHeHHoW 
cpeflCTBaMi/i 35, vi nepeflaioLi^i/ie pesyjibTaT 
yKasaHHOM oueHKM cpeAcrsaM BbipaBHMBaHun 34 
(cpeflCTBaiM miMMyTaMMn), 

- cpeflCTBa 37 flnn HaaneMeHHn 

MH(j30pMai^MH, MCMCflfllHeE^ OT OpeflCTB 

BbipaBHMBaHti5i (KOMMyTauMM) 34, npmeu 
flB0M4Hbie 3JieMeHTbi nnn "sTUKeTKa" E 
yKasbisaeT, x. Karaiwy Tuny JiorMHecKoro Kanana 
oTHocnTca nojiesHaa MH0QpMaqnn, 
pasweineHHafl BMecTO nocjieflOBaTeribHOCTM 
o6yMeHM;i 

- cpeACTBa fleMynbTunreKcupoBaHUfl 38 Ana 
pacnpeAeneHUfl ]/]HipopMai\m, nonyHSHHofi ot 
cpeflCTB 37 MSJKfly coBOKynHOCThio MapmpyTOB 

oGpaeOTKH, Ka>KflbM M3 KOTOpblX COOTBeiCTByeT 

oflHOMy IA3 nornHecKnx KananoB, noflne>KHiHMX 
npMewy yKasaHHOM npneMHOti annapaTypoPi 
(flpyrviMH, KaK yKasaHO BbiLue, new Kanajibi 
FCCH, SCH 11 RACH, KOTopue na 
saTparviBaioTCH), n Jiniub oahh us KOTopbix flna 
ynpomeHMfl noKasaH 6o;iee noflpoGHO (npuHBM 
Apyrkie KaHanbi noAo6Hbi]. 

KajKfloe 113 cpeACTB 32, 35, 37 m 38 
ct)yHi<qnoHi.ipyeT nofx ynpaBnenneM ranroBora 
renepaTopa (cnHxporeHeparopa) 39 
comacosaHHO c yKasaHHofi cipyKrypoi^ 
My.^bTH^^eKCHO^o Kanana cbssm c BpeMeHHbiM 
ynroTHSHHSM n cpeflpTBaMU 

ABMyrbTMiJieKcupoBaHMfl 38, fleCicTByhOLUMMii, 
KpoMe Toro, nofl ynpasjieHneM "weTKi/i" E. 

Ka)Kflbii^ MS yKasaHHbix nyTefi o6pa6oTKM, 
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OTH0caLiiMMC3 K flaHHOMy jiorM4ecKOMy KaHajiy, 
BKnioHaeT: 

- cpeflCTBa 40 flnn BoccraHOBneHUfi 
KOflnpoaaHHbix MepeflVKiiuMxcn Ojiokob m3 
KOflnpoaaHHbix v\ MepeflyioiuMxca cy66noKOB, 
nonyMeHHbix c nepeMeHHoH flnnHofl, HM>Ke 
YKaaaHHbix cpeflCTB 40 - KnaccuHecKne 
cpeflCTBa, BbinonHnioLi^Me cfyHKHHH, 
npoTMBononajKHbie dpymuynu, BhjnojiHneMbiM 
npn nepeflaqe, a nweHHo: 

- cpsACTBa pasflejieHMSi 41 , 

- cpeACTsa KananbHOTO AeKOflMpoBaHun 42, 

- cpeflCTBa McxoflHoro fleKOAMpoBaHnq 43 

B npaTMBonojiDMHOCTb KnaccM'HecKOMV 
cnyMaho, Korfla BoccTaHOBJieHMe KOflnposaHHbix 
6noKOB BbinonHfieTC3 m3 cySD/ioKOB 

CjDMKCMpOBaHHOM flnMHbl, CpeflCTBa 40 flOnWHbl 

flononHMTenbHO emioMaTb BycfDepHoe 3y 
(c:neL[iianbHO He noKaaaHHoe Ha Mepre^te), 
no3Bon3K)inee nornoii^aTb cy6fle6nTbi, b 
MacTHOCTH, ejiaroflapa B03MO>KHOMy 
McnofibsoBaHMto npocTpancTBa, ocTaaneHHoro 
CBo6oflHbiM BHyTpn cj3MaMMecKoro KaHana na-aa 
OTcyrcTEHfl nocneflOEaTenbHOCTH Q6yHeHi/ia, 
MTo6bi nepeflaTb ryfla none3Hyio MHctJopMaunio, 
oTH0C3LiiyK)Cfl K MHOMy JiornMecKOMy KaHany, 
Mew Kanan, saHMMatoinnCi ocraTOK SToro 
0M3MMecKoro KaHajia, npimaM yioaaHHbie 
cyCfleenTbi sarew npHCBaHBaioT flpyroCi 

JlOrMHeCKMM KBHajl. 

flaHHoe eycfiepHoe 37 noaaojifieT, Kpoiuie 
Toro, B cnynae, Korm noneoHafi i/iHc{3opMauii;i 
flon>KHa 6biTb BocnpoMaBeflSHa npn npMewa 
MHc|DopMai^MH, nepeflaeaeMaPi c nocrosHHoCi 
CKopocTbio, coKpamaTb CBepxfleBuT 6naroflapfl 
B03M0>KH0My MCnOJlbSOBaHHK) npocTpaHCTsa, 

ocTaBneHHoro CBo6oflHbiM BHyipn ct)M3MHecKoro 
Kanajia nepefla'-in na-aa oTcyrcTBUsi 
nocneflOBaTeribHOCTM oGyMeHUfi, flna nepeflaHU 
ryfla nojieanoPl MHCtDopMau,HM, OTHOcninei^ca k 
TOMy >Ke cawoMy nora^ecKOMy KaHany, mto h 
KaHa/i, 3aHMMaK)Lij,MM ocTaroK cfjMSHHecKoro 
Kanajia, npuqeM yKaaaHHan caepxcKopocTHan 
nepeflawa HHcfjopMaL^nn caMa npi/icBanBseT 
yKassHHbiC^ normeoKiAl^ KSHan. 

B cjiyi^ae Kanajia peMesoro cumana 
noHMXceHne BbicoKOM CKopocru nepeftann 
MHc|:opMaL^nii ceepx p,e6ma, 6jiaroflapn 
npucoeflMHeHi/iK) n 6mtob (c n, pasHbiM, 
Hanpuwep, 26 npM paccMaipuBaeMOM sfleob 
npHMSHeHUM). Morno 6bi b flpyroM ruiecre 6biTb 
BbinojiHeno He cpeflCTBaMM SycfjepHoro SY npn 
npnewe, a ycTpanaHweM npn nepefla'^s n 5mtob, 
He snaHMMbix b 6noKe npi/iMeM yKaaaHHbie n 
6nT0B o6Hapy>KMBaK)Tca, nanpuMep, KaK 
TaKOBbie cpeflCTBaMM o6Hapy>KeHMa ne peneBoti 
flefiTenbHOCTH, m aarew nepeflaerca 
CQKpaLneHHbiii SnoK. 

yKasaHHbiti coKpaLi^eHHbiCi 6roK MOJKei b 
pflfle cnynaeB coflep)KaTb nHflMKaiop, b kotopom 
6buii/i 6bi ycTpaneHbi n 6mtob, HTo6bi 

HCTOHHMK-fleKOflep MOf npaSMJlbHO 

fleLUHCjapoBaTb yMeHbiiieHHhiM 6noK no 
HSBecTHoCi TexHonorwM. 

Oopiuyna M3o6peTeHMH: 
1. CHCieMa nepeflann MH0opMai4HM no 
MSMeHflioineMyca bo speMeHM Kanany nepefla>^M 
laKoro Tuna, no KOTopoMy nepeflaercfi bo BpeMS 
nepefla'-m, Kpowe nepsflaeaeMoPi nonesHoPi 
MH4)opMa4MH, HHct)opMa^MH, HasbiBaeMan 
o6y4aioL4eR MHctxjpMaunePi, Koiopan na3BQnneT 
ocymecTBHTb npM npMeMe oi^eHny yKasaHHoro 
KaHajia nepeflann, OTJinHatoinancfl tsm, hto 
BBOflflT cpeflpraa Ann oushkm i/i3MeHeHMii 
Kanana nepefla^M n cpeflCTBa, 



npeflHasHaHeHHbie flns loro, MToSbi nepeflaaaib 
nnn He nepeflaeajb oByHaroiiiyio HHct)opMai4nto b 
saBMCMMOo™ OT peayjibTaia omshkm MSMeHeHnCi 
KaHana nepeflann. 

2, CkicreMa no n.1 , oinnMaioLi^aflca tsm, hto 
ynoMflhyTbie cpeflCTBa flns OLieHKM nsMeHeHMi:^ 
yKaaaHHoro Kanana nepeflann coflepjKar 
cpeflCTBa flnn OL(eHKM KanecTBa nepeflann m 
cpeflCTBa flnfl o6Hapy>KeHHfl yxyflLuenun 
KanecTBa nepeflani/i TaKMM oSpaaoM OLieneHHoJi 
nepefla^M. 

3, CMOieMa no n.1, oinnnaioLi^aflCfl jeM. mto 
yKaaaHHbie cpeflCTsa oLieHifn viaMeneHm lOHana 
nepeflaHM coflepjicaT cpeflCTBa flnn 
onpeflenehns ncTeneHMfl onpeflpneHHoro 
BpeMSHM c MOMeHia nocneflHePi nepefla'^n 
o^ynaioifleii m<popM&u,m. 

4 GMcreMa no nK36QMy na nn.1 - 3, 
oTfinHaioinancn tgm, hto ona coflep>KMT Kanan, 
HasbiBaeMbit^ BOSBparHbiM KaHanoM ana 
nepeflaHM b HanpaBJieHMM npMeivia v\HdpopMau,m, 
yKaabiBatoiflew na HanMHHe hjih oicyicTBi/ie 
H9o6xoflMMoc™ nepeflaLm oByMaioiflaiS 
MHc|3opMai^MM, B saBUCMMOCTM OT pesynbTBTa 
04eHKM nsMeHeHMti Kanana nepenaHM. 

5. CucTeivia no jiK36oMy na nn.l - 4, 
OTJikmaiou^aHcq tbm, hto ona coflepjKMT 
flononnnTenbHO cpaflCTsa nepeflani/i noneahoiS 
MHctJopuai^nM BuecTO oSyHaioifleH iiHct)opMauiiH, 
B TOM cjiyHae, Korfla Taraifl o6yHaioiflafl 
MH4)opMaL;Mfl He nspaiflaeTCfl. 

6. CMCieMa no n.5, oinmaioLijaflCfi leM, hto 
yKaaaHHan CHCisMa nepeflaHM BbinonneHa e 
BV\f3,e cucTeiMbi a BpeMeHHbiM 
MyjibTMnneKCMpoBaHneM scefi coBOKynHocTn 
KaHanoB, HasbisaeMbix cfi^sMHecKMMM, Ka>Kflbii^ 
M3 KOTOpbix, B CBOto OHepeflb. ccpopMnpoBaH c 
BoaMOJKHOCTbtt) pasfleneHMfl bd BpeMBHM Me>Kfly 
Heci{a;ibKMMH nananaMU, HasbieaeMbiMn 
jiorMHecKMMi/1: a oeynaiciflan HHcjDopMaL^MJi 
saHMMaer numb nacTb dpmmecKoro Kanana, 
npMHSM nonesHafl MHCfjopMaLiMfl, BBOflMMaa b 
cjDnaMHecKufi Kanan bmbcto oByHaHDifleCi 
MH0opMauMM, B cjiyHae, Korfla TaKaa 
o6yHaK)L^a;i ^HcfjopMaL^Mn He nepeflaeTcn, 
flBnneTCfl nonesHoCi ^1HttlopMa^nePI, 
OTHOcflifleHCfl K TOMy >KB HornHecKOMy Kanany, 
HTQ 11 Kanan, aaHMMatoiflMfi ocraroK aroro 
4jiianHecKDro Kanana. 

7. CMCTeMa no n.5, oinnHaioLi^aflCfl ism, hto 
yKaaanhafl CMCTewa BbinonHeha b BMfle ca^icreMbi 
c spewenHbiM MynbTunreKcupoBanneM 
coEOKynnocT/i KaHanoB, HfMbiBaoMbix 

c:^M3HH3Ci(/lMM, Ka>:<flbiM H3 KOTOphlX, B CBOKl 
Onepeflb, CCfjOpMMpOBaH C B03MO>KnOCTbK) 

pasflenennfl bo speMeHM Me>Kfly HecKonbKHMW 
KaHanaMM, HasbiBaewbiMM norMHecKMMM, a 
o5y4aioLnaH ncpopMa ni/i n 3aHHMaeT m/iiiib nacTh 
c|)M3HHecKaro KanaTia, npuneivi noneanafl 
MH(j3opMaL^kifl, BBOfl^Man B dprnmeomtA KBHan 
BuecTO odynaioLi^evi i/iHcjaopMai^MM, b cnynae, 
Koraa Tanan o6yHaioL4afl HHct)opMaMMfi ne 
napsflasTCfl, flannsTcq noneanot^ 
MHcjaopMaL^nefl, OTHOcflifleMca k nan/iHeoKowy 
KaHany, KOTopbiPl OTnuHaercfl or Kanana, 
saHMMaioinero ocTaroK STonD ct)H3MHecKoro 
Kanana. 

8 CMCTeMa no moBoMy H3 nn 6 n 7, 
OTJinnaioLflaflcn tsm, hto OHa coflepjKUT 
cpeflCTBa KsaHTOBanun nonesnofl Mncf)opMaL|MM 
na OTpesKM nepeMennoti nnMHbi b 3aBMCMM0CTM 
OT Toro, nepeflasTCfl Mnn ne nepeflaeTca 
oBynaHDinan MHcJjopMaL^Mfl, a e cny-iae, Korfla 
oeynaroLnaa Mnct)opMannn ne nepeflaeTca, to b 
saBHCHMOCTM OT i/iononb30BaHnn ynacTKOB, 
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CBo6oflHbix OT 3T0M o6y^aK)u\ev\ MH^opwaLiUM, 
npH 3T0M npM npnewe npeflycMoipeHbi 
cpeflCTBa flfifi norjiomeHMa B03Hmax)U\m 

MSMeHGHMM CKOpOCTM nepeflaHU MHCjjOpMaLiUM. 

9. CkicTeMa no nio6oMy m3 nn.1 - 8, 

OTJIMMaNDLHaflCfl TSM, HTO OH a COflep)KMT 

CpeflCTBa flna eeofla npM npusMe MHctJopMaLiuM, 
yraabiBahoineii, nepeAaercn unw hb nepeAaercq 
oGyHaioinan HHcjaopMaLiMfl b aaanci^MOCTH ot 
peayjibTaTOB oubhkh i/i3MeHeHMM KaHana 
nepega'^M. 

10. CucreMa no nK56oMy m nn.6 - 8, 
OTJinMaKDinancfi rew, 4to oh a coflepjKMT 

cpeflCTBa flns eaofla npn nepeflane 
MHcfjopMai^MH, yKasbiBaioineti bma nori/iinecKoro 
KaHana, k KOTopoMy OTHOCMTcn nojiesHaq 
MHctopMauMfi, nepsAaHHaa BMecro oSyHaiOLuefi 
MHcjaopMaL^MH, B cjiyHae, KorAa TaKan 
oGyHaioLLiaH MHc|3opMai4HH He nepeflaeTcs 

1 1 . HpneMHoe ycTpoRcTBO Ana cucTeMbi 
nepeflaMM no n. 1, coflep>KaLi^ee cpeflCTBa, 
npeflHaaHaneHHbie Ana BoccTaHOBJieHnq 
nepeflaHHoPi noTieahoCi HHcj3QpMaL(MM, Korophie 
caMM coAepjicaT cpeflCTsa pp^t oneum Kanana 
nepefla^M, Mcxofln m3 nojiy^eHHoR o6y^aioineC1 
MHtfopMai^mi, n cpeflCTBa flnn KoppeKTkipoBKH 
nojiyHeHHbix cumanoB, cooTBeTCTayioiUMX 
nojieahofi MHct»pMai|MH, a aaBucHMOcTH or aroiS 
oueHKM KaHana nepeflpnn, OTJiMHaiomeecH Tew, 

MTO OHO COflPp}KHT CpeflCTBa fl;ifl 04eHKM 

MSMeHeHUM KaHana nepefla4M, nosBonaioLi^ne 
ynpaBJiflTb npn nepeflane onpmanemeM 
HeoexoflHMOCTM nepsflaBaTh hjii/i na 
nepeflaeaTb o5yHaioinyio MHct»pMaMnio b 
saBi/icMMOciki OT pesyjibTara oqeHKi/i i/isMeneHkii^ 
Kanana nepeflaMH. 

12. HpneMHoe ycTpoRoiEO no n.11, 
OTJinMaioinBecH tbm, MTO nonyMei-inafl noneaHafl 
MHctaopwaL^n;! paaBuBaeron na oipeaKH 
nepeweHHOi^ AnnHW b aasMCHMOCTH ot loro, 
nepefiaeTOfl nxin h9 nepeflaeTC3 o6yMaiciu,afi 

MHC|D0pMai4Hn, B aaBMCHMOCTH OT HOnOribSOBaHMfl 

yMacTKOB, CBo6oflHbix B peaynbtaTe Toro, mto 
OHii He ncnonbsoBaHbi flna nepeflann 
oCyHaioL^eC^ i/iHctiopMaL^kii/i, a yKasaHHbie 
cpeflCTBa flPfi BoccTaHOBJieHMfl nepeflaHHoH 



nojiesHOM MHcfjopMaL^MM coAep>KaT, KpoMe loro, 
cpeflCTBa flnn norromeHUfl nsMeneHiiti CKopocTH 
nepeflaHM nHct)opMaL|MM, BbisBaHHbix tsm, hto 
nojiyHeHHafl HHctJopManna paaOnTa na orpeann 
nepeMeHHOM flriHHbi. 

13. ripneMHoe ycTpoi^oTBO no n.12, 
OTrMHaioLi^eecfi tsm, hto ero ncnonbsyioT b 
CHCTBMe paAnocBfi3n G noABM)KHbiMM o6-beKTaMM 
Tuna GSM, npn 3tom yuaaaHMbie orpesKH 

COCTaBJlSIOT HHCfjOpMaL^MOHHbie O&heKTU, 

HasbiBaeMbie cy66jioKaMii. 

14. nepeflatoinee ycTpoiJicTBO anji cucTeiwbi 
nepBflaHM no n.1, CQflep>Kainee cpeflCTBa flnn 
reHepMpoBaHMfl nepeflaaaeMoii noneaHoCi 
MHclDopMaqi/iM, cpeflCTBa flns reHepMpoBaHM3 
o6yMaK)L4efi MH(^)op^fla^MH m cpeflCTBa flns 
BbiSopa jim6o nonesHofi MHc|DopMaLiHM, 
nocTynHBLuefi ot yraaaHHbix cpsflCTB Ann 
reHepupoBaHun nepeflaaaeMOM noneaHOM 
MHc|3opMaLiMM, nM6o o6yHaioLi^ei^ HHcjDopMaMUM, 
nocTynMBLuePi ot cpeAciB flns reHepupoBaHMS 
oSynaHDineii MHC|DopMaL(HM, OTnuHaioineeca tbm, 
HTQ OHO CDAep>KHT CpeflCTBa flns ynpaBnsHMfl 
cpeflCTaaMM BbiBopa TaiwM oOpaaoM, HTo6bi 
nepeflasaTb Mnn He nepeflaeaTb yKasannyK) 

06yMaH3aiyiO HHCjDOpMaL|MK) B SaBUCMMOCTH OT 

peaynbTaTOB OL^eHKH nsMeneHMM nepeflaiomero 
Kanara. 

15. riepeflaioLyee ycipoCicTBO no n. 14, 
OTJiHHaioineecfl tbm, hto yKaaaHHbie opeflCTBa 
flns reHepMpoBaHUfl nepeflasaeMoPi nonesHoPi 
MH4)opMauMM coflep^caT cpeflCTBa paaS^BKi^ 
noAne>Kainafl nepeflaMe nonesHoPi MHC^iopMaLim/i 
Ha OTpesKM nepeMeHHofi flnnhbi a aaancuMOCTH 
OT Toro, nepeflaeTCfl nnn He nepeflaeTca 
oeyHaHDinan nH^^opMaL^Mn, b cnynae, Korfla 
o6yMaio^afl nH0opMaMnsi He nepeflaeTCfi, to b 
aasMCMMOGTn ot nanonbaoaaHna yMacTKoa, 
CBoSoflHbix B peayrbiaTe toto, hto oSyHaioiflan 
MH(tiopMaL4M3 He nepeflaeTCfl, 

16. nepeflaiOLuee ycipoPicTBO no n,15, 
OTJiMHaiOLi^eecfi Tew, hto ero ncnonbsyiOT b 

CMCTeWe paflMOCBSISH C nOABM>KHblMM OB-bSKTaMU 

Tuna GSM, npM 9tom yKaaannbie oipesKH 

COCTaBJIfllOT MHCjSOpMaL^klOHHbie od-beKTbi, 

HasbiBaeMbie cy66jioKaMii, 
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